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INTRODUCTION 

Chemistry is the science which embodies our knowledge of the 
substances which comijose the objects occurring in nature, their 
composition and decomposition, and above all their behaviour 
tdwards each other. A special branch of the subjtct is termed 
Analytical Chemistry, owing to its having as its specific aim the 
decomposition (analysis) of compound substances, and the identi¬ 
fication of their con3tituent.s. If this determination of the con¬ 
stituents is only concerned with their nature the analysis is qualitative, 
but if the quantity of the individual components is required it is 
quantitative. 'I'he former has therefore for its aim the preparation 
of the constituents of an unknown substance into forms or conditions 
already known, so that these now forms or conditions may furnish 
definite proof of the pre.sence of the individual component substances. 
'I'he value of these methods depends upon two conditions: they 
must be finstly absolutely reliable, and .secondly must attain the end 
in view as rapidly as possible. On the other hand, the aim of 
quantitative analysis is to effect the complete separation of the 
8ub.stancc8 detected by the qualitative examination in forms which 
allow them to be gravimetrically determined as accurately as 
•possible, or to effect their estimation by some other method. 

The methods by which tlie.se different ends are attained are, as 
might be exjiected, very different. The study of qualitative and 
quantitative analysis must therefore be kept distinct, and the nature 
q^ the subject requires us to begin with the former. 

'To carry out qualitative investigations the primary essentials 
are a knowledge of the chemical elements and their moat important 
compounds, and also of the fundamental laws of chemistry, whilst, 
practice in the visualisation of chemical processes is necessary. 
.‘Utention to detail, scrupulous cleanliness, and some skill in manipu¬ 
lation are also required, together with a corresponding training of , 
the faculty of observation, so that no phenomenon which occurs 
may pass unnoticed. If to these requirements is also added the 

xvii , 



INTRODUCTION 


xviii 

habitml practice, when results contrary to experience are obtained, 
of looking for an error in the experiment itself, or rather in the 
abrence of a condition necessary for the production of the pheno¬ 
menon, since this habit must he basedr on a fcm belief in the 
immutability of the laws of nature, then all the conditions necessary 
for a fruitful study of analyticahchemistry are present. 

Now, although on the one hand chemical analysis is based on 
chemistry in general, and cannot be carried out without a knowledge 
thereof, yet, on the other hand, it must be regarded as a main 
support upon which the whole structure of the science rests; for 
it is of almost equal importance in all branches of chemistry, 
theoretical as well as applied, and its use to the practical chemist, 
the mineralogist and metallurgist, the pharmacist, the medical 
man, the rational agriculturist and others needs no amplification. 
But the essential condition upon which its being of use depends is 
that the results of the analyses made shall be absolutely trustworthy. 
And since this can only be obtained by thorough knowledge and 
painstaking practice, the general truth that a thing half known is 
more dangerous than ignorance must be regarded as especially 
applicable here, and a warning must be given against a superficial 
dabbling in chemical analysis. 

For the solution of analytical problems not only theory but also 
practical work is necessary, and hence a knowledge of analytical 
chemistr}' cannot be acquired either by a purely theoretical study 
of the subject or by carrying out the methods in an absolutely 
detached manner; on the contrary, theory and practice must supple¬ 
ment eajh other in chemical analysis. 

A qualitative investigation may be made with a twofold end in 
view; viz. either to prove whether a particular substance is or is 
not present in a material, as, for example, copper in an ore; or for 
the detection of dl the constituents of a chemical compound or 
a mixture. Every substance may thus be an object for chemical 
analysis. 

All the elements (see p. 2) are not of equal importance for 
practical chemistry. Only a number of them occurs widely dlstri- 
tbuted and in notable quantity in nature, and is of considerable 
technical importance. These are dealt with at length in this work. 

The remainder are, in the main, only constituents of rare minerals, 
and only .‘■ome of these are to a certain extent of technical importance, 
but may nevertheless be identified by the ordinary methods of 
qualitative analysis. The^ are discussed more briefly and in such 
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1 way that the sflidy of^their properties and their detection may 
be kept distinct from that of the more important elements. Other 
elements (such as the inert gases) are, it is true, wdely distributed, 
but only in sinall.quantiUes, whilst others (such as certain radio- 
ictivc element|) have only a limited period of existence; and 
jthers again are almost identical wWi certain elements of common 
occurrence, and can only be di.stinguished from them by slight 
dilferences of atomic weight (see p. 2), as, for example, the different 
kinds of lead. 

The three last classes of elements cannot be detected by the 
ordinary methods of <jualitativ(! analysis (with the limited exception 
of .s])ectruin analysis), Hence they do not come withiji the scope of 
tffis book. * 

Chemical analysis demands, then, a knowledge of the funda¬ 
mental l-aws of ijencral filtrinietri/, of niiah/liinl operMione, and of the 
'ichitniour of iwlmdaal nubetmwex townnh rcaijmls. Given these 
’ssentials, it is possible, with the aid of a systematic procedure, to 
.mdertakc the investigation of unknown substances. 

We deal, therefore, in the first part of this book with the above- 
mentioned preliminary essentials for a real qualitative, analysis, and 
n the second ])art describe the systematic processes. 



EREATA 

p. 9, line 6, read “ are termed sulpho salts.” 

The headings to the undermentioned sections should read as follows;— 
p. 687. Substances insoluble or dissolving with difficulty in water, 
but soluble in hydrochloric or nitric acids or (uiua regxa. 
p. 699. Substances soluble in water, and substances insoluble in 
water but soluble in hydrochloric and nitric acids or 
aqua, regia, 

p. 670. II. In the presence of organic anions. 



QUALITATIVE ANALYSIS 

PAirr I. 

OlIAl'TEK ]. 

•* GKNERAL CJTKMK'AG TRINrlPElOS AND METHODS 01'’<^NATA'JT(‘AL 
DUKMISTRY. 

Skc. 1. 

I. (JENEHAJi l'’lIN’IMMEFrAI. (^om'El’TION’.S OE 
(IHEMISTUV ANJ) I’HErii .MODE OK J’KE.SENTATlOiN'. 

'i'liE fruitful study and I'vcntuul self-reliant ajiplication of tlie methods 
of analytieal eheinistiy demand a thonmj'h knovvlojf;« of the funda- 
inoiital chemical and jihysico-elieniical laws of our science., whic-h can 
he olitainod from the numerous e.veellent text-hooks availahle, 'J'he 
primary aim of this short outline of the fundamental conceptions 
of chemistry and of the usual method of presentinj^ them, which is 
j'ivcn in the followiny paragraphs, is that the student, at every stage 
of his practical w'ork in the laboratory, may have reaily to his hand 
an explanation of the conceptions upon which he must base all his 
future work, \Ve have deliberately retrained from assuming the 
' student to have, any |irior ktio\vled,ge, in order that this introduction 
may contain all that is necessary for understanding the following 
sections, 

• 

iSonie of the theoretical points can bo more ajiprojiriiitidy con¬ 
sidered when describing special processes, and will, therefore, be. dealt 
with in those places in following sections of this part. 

Chemistry is the science of matter, (Hn'iiiicul iirm'i’.surs are such as 
change not only individual jiroperties (such a.s the rate of motionj 
temperature, etc,), but also tnhuli: (/roups of jiropert'u'J!, and in such a 
way that there i.s not merely one individual substance present at the 
beginning and end, ns is the case, in the melting of ice, hut so thab 
m place of one or several individuals several new individual sub¬ 
stances are produced, or one new indiviftiial substance from several 
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2 GENERAL CtiEUWAL PRINCIPLES on. 1 

substafces.i For instance, in tlie caicini^lf^ of limestone (calcium 
carbonate) carboi^ acid (carbon dioxide) and lime (calcium oxide) are. 
forfned ; the solution of zinc in snlpliuric aiid jnoduces liydrogeu gas 
and white vitriol (sulj)liatc of zinc); ii/thc roatting of hsematite 
(iron oxide) with carbon metallic iron and carbonin acid (carbon 
dioxide) are produced; in thc^comlnistion of hydrogen with the 
oxygen of the air water is ])rodu(-ed. J^y mlividiiat then in the 
chemical senfie is to be understood not merely an external homo¬ 
geneity, as, for example, the solution of sugar in water or the mixture 
of alcohol and water in wliicli the (piantities of tlio component 
constituents may vary within wide liniits and tln*ir relative pro- 
])ortions may, be varied at will within those limits --the (hdinite 
projierties of mixtures (^an also Im* diangi'il bv tin* proportion of the 
comjioncnt ]>arts of such mixtiiics imhridnal .mhsfavces in the 
chemical sense arc rather f.liose, which cillu'r cannot lx; deeom[>osed 
into (liflerent substances, or those of wlm^h the component parts show 
dejinUe. rcciproeal ^iiutn/ifalire relalionship. For instance, the relativi* 
weight of the aliove-mentioncd substances, calcium oxide and 
carbon dioxide to calcium carbonate from wlncb tliey arise, is 
bO-OT : 4i : l(X)'07. Substances which (“annot be deiiomposecl into 
other substances at will arc calh'd fiindamevla! suhsiances or elements^ 
Chemically individual su])stances consist ing of s(‘veral elements arc 
called chemical compounds. 

Individual chemical suhstanecs arc composed of the smallest 
])articlcs, incapable of further mechanical siilidivision, which are all 
equal in a chemically individual substance, and iliat is to say arc all 
of the same size; these are called molecules. As, however, the 
molecules of a delinite kind of siibstanei' are all equal, whilst a com- 
])Ouud can be decomposed into various elements, tlie conqiounds of 
molecules must consist of still smaller particles of the elements ; 
these minute parts of elements ar(‘ calleil atom. 

TIic atoms of each individual element are of absolutely similar 
nature, and thorchn e are all of the same size. The weight of an atom 
is, therefore, of a constant nuufuilude, charaeteristie of tlie element in 
question. An exact determination of tlie absolute weight of a single 
t 

^ A chemical precos.-j can also exist when a new substance takes the place 
of an individual one, when it is not a question of altciation in the condition of 
aggregation {c.g. solid to liquid), but wlien the inner groupuig and combination 
'oi the individual particle.^ is dilfcieiil. 

^ For the sake of simplicity we adhere to this ilcHcrijitiori, the unconditional 
\ahdity of which cainiol be rAamlamcd miici' the discovery of radio-active 
elemcnj^i. t 
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atom being im])09RibIo, c^ly an approximate indirect estiniation can 

made. On tbo other hand, it is possible to dfterminc accurately 
tiic reciprocal relationshij^of tiio weights of the atoms of tlic different 
dements. * 

By fixing %he weight of an at(jpi of one clement arbitrarily the 
reciprocal relationship of tlie masses of the atoms of different 
elements can be ox[»ressed in num])ers {niotnic wcifjhls) which are 
cliaracteristic of eacli element. The atomic weight of oxygen~lfi 
ha.s been selected as the basis for tl»e ordinary system. 

The molecuk'fi of elements consist citlier of one or more atom.s of the 
same kind ; ^ thus motnis, as a iiile. contain one atom in the molecule, 
hydrogen Irwo, etc. The molecule of a elie}iiiciil eo)npoi^l is formed by 
t he combination of several atoms of (lijjerenl elonerits. Kach indi¬ 
vidual compound, liowevcr, contains a definite number characteristic 
()l ilsdf of lli(‘ different atom.s in the molecule ; for instance, hydrogen 
clilorid<“ contain.s one atom of ]iydn»gen and one of chlorine; water 
(uo atom.s of }iv<(rog(‘ii and one atom of oxygen ; calcium earhonato 
one atom of cal< iiim, one atom of oarhon and tliree atoms of oxygen. 
Tins explains the fact that the quantity of the individual elements 
in individual com]M)unds is in constant ridation.sliip. and tliai the 
reciprocal action of different comjiounds always occurs in definite 
quantitative ])roporl ions. 

In combining ^\ltll one anotiier, atoms of imlividnal (dements 
show a difjeient depiee of eomliining jiower (atomieiti/ or ralenci/). 
Some eleimmts. such as hy(ir<(gen, fluorine, sodnnn, are monovalent; 
they can only (‘nt(‘r into eomhination in one wav. they can only 
combine witli one atom of anotlun nnmovalent element : others, 
such as oxygon, sulpliur, calcium, etc., are divalent; tliey can combine 
with two atoms of a monovalent (denumt, or vith one atom of another 
divalent clement. This is called tin* etpiivalence of valencie.s. Otlier 
elements, smdi as aluminium, hi.smiith. (Tc., are trivnienf; carbon, 
silica, (itc.. are. tetravalent. A nundn'r of elements are of variable 
valency; for example, iron can he divalent or trivalent, co])[)«‘r mono¬ 
valent or divalent. 

Chemical formula' are <“mployed to repre.sent the above-mentioned^ 
eni])irical facts, and the theory they are based upon, in a abort 
and concise manner. 

^ T)ie number of aloins in the moJecuIe is a constant one for each individual 
element (according to its condition at the time).# Thus ordinary oxygen contains 
t\V(» atoms in its molecule, ozone throf*, whilst the molecule of*iodin© ^apour 
contains two atoms at temperatures below anil only one atom above tiOO'’. 
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The various olcmont-s arc represented bydistinctive capital letters, 
if i^cessary, addition of a small letter. (The first letters 

of the Latin names are used as symbols.) . 0 ~()xygen (Oxygemim), 
H=Hydrogon (Ilydrogenum), C=Carbon (Cafbo), Cu=Copper 
(Cuprum), Cl“Cb!orinc, etc. ^ »' 

These letters reprcs(uit not only the nature of an clement, but 
also the size of one atom of the element. By combining the symbols 
of all elements ])resent in a compound the formiilce of chemical 
compounds are (*]>tiiino<I, r.//. TKT Uydrocldorie. acid (spirits of 
salt), NaCb-Sodium chloride (eoniTnon salt). The formula also 
expresses a quantity, namely, a molecule. If a molc'culo contains 
more than o,»«e atom of each ('hmient, the numlier of atoms is 
added to the symbolH by nu'an.s of .small figures ])laccd on a slightly 
lower level, for itistance, 1120 — Water, Xa20—Sodium oxide, 
110804—Sulphuric acid. If the molecule of an ehmient con.sLsts of 
several atoms it is repr<'seutcd acconlingly, r.ij. li2 ~one molecule 
of hydrogen. 

Chemical formuhe are also suitable for the gra.phic represimtation 
of th«^ course of chemical processes. If several molecules of a sub¬ 
stance take ]>art in a reaction, tlieir qiiantit}’ is repre.sentcd by a figure 
placed before the formula' of the molecules. 

The above-mentioned decom]K)sitions (see p. 2 ) are repre.scnted 
in formuhe as follows 

Calcium carbonate is dec,omposed on ignition into calcium oxide 
and carbon dioxide ; 

CaC()3---Ca0-f-C02 

Hydrogen burns with oxygen to form water: 

2H2i02-2H20 

Zinc dissolves in sulphuric acid with the fonnatioii of zinc sulphate 
and the liberation of hydrogen : 

ZnMr2804-ZnS04H-Jl2 

Iron oxide and carbon yield metallie iron and carbon dioxide : 
2Fe20:j-f3C^-lbe-f;iC02 

All these formulae have this in common, that those on the left of 
tho “ equals ” sign represent the substances present at the beginning 
of, and those on the right the substances that are tho result of, tho 
process. Hence it follows that all tlic atoms of each element that 
are on the left appear again on tho right, but rtcilher more vor less. 
Whilst the dir.st of the above-mentioned fomnilfp shows only the 
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decomposition of a nioIec«il<‘ into two others, and the second sliows tkc 
association of two elements to form a compound by combination 
into a molecule), one can see from the third and fourth that the action 
j)f an element if[)on the molecule of a compound may cause the 
clement to rofduco another clement in tlic^ molecule, aud consequently 
this s(‘coud element to appear in the free eojulition. 

In formula d the divahmt atom of zinc takes the place of the two 
monovalent atoms of hydrogen in the molecule of sulphuric acid, and 
so forms zinc sulphate. 

The fourth formula has been chosen j)ur|)osely as being somewhat 
iuorc comi)li('ated. Jn this ease the tetravalent carbon a< tH on the 
V-xide of tlio trivah'iit iron and re]>laces it in combinati#^! with oxygon. 
Jn order to rcprc'sent this [)fo{ess it is necessary for thn'C atoms of 
«-arl)on (combining with six atoms of oxygen) to act on two molecules 
of iron oxide (eombimng with six atoms of oxygen). 

Another example is the ])roeess which consists of the fusion of 
luaivy spar (hariiim sulphate) witii soda (sodium carbonate), whereby 
harjum earlionate and sodium sulphate are ol)taine<I : 

JiaS(»^-| NaJ'(>., -Iia.rO:t-l Na.SO^ 

in this instance the metals barium and sodium, m other words 
the groups SOj and C’U;}, exeliange })laces m the molecules. 

Th< nuUnduul condnnc inUi nich odai within Ihi' iiioleeulo 

m a dtjinifc manner, corresponding to their valencies. The form of 
tins combination may vary with the conditions. 

Tins construction of tin-, moleiaili's can also be expressed in a 
formula. The so-calleel structural forniuhe are thus obtained. T’or 
nistanee, one atom of oxygim coininnes with two atoms of hydrogen 
U- 0--il , one atom of carbon hinds hiiir atoms of hvdrogen 

n ,Jl 

CC . One atom each of sodium, oxygen, and hydrogen is rc- 

Ji ' n * 

quired to form sodium hydroxide. Na - () Jl ()ne atom of nitrogen, 
three atoms of oxygen, and one atom of hydrogen form nit ric, acid 

Q ^N- ()■ -II. Two atoms of carbon, six atoms of hydrogen, and 

one atom of oxygen form alcohol CoU^O, or as a formula— 

11 II 

H /C-C U-H 

H/ H 

• 

Substances which contain the same elements m eqmil projjortions 
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but in t different grouping are tcrniod Isoguric. TJieir differences 
can only be represented grapbically by structural formula;, e.g. 
amrSoniuiu isocyanate and urea are conijioaed of one atom of carbon, 
one atom of oxygen, two atoms of nitr^g(!n, am', tour atoms of 
hydrogen. They both have tin; same simple formulai'.lON^Jfj, but 
the difference can be expressed b^ the structuml formuhe— 

11 

0 -(J=N-Nl 

11 


(or .somewhat more situjily ()('N—NJIj), for jimmonium i.socyamite, 
and - 


0 - 


. N 

(; 

' N' 


U 

11 

}\ 

H 


(or more Kiinjjly U('(NJL)-) for moa. Amiiiimium isocyanate is 
transformed into urea wJieii its aijiieniis solution is evaporated. 
Krom tliis oxamplo it can he seen that a chemical proce.ss may be 
involved in the lraM.sformation of one individual substance into one 
other individual substance when it is associatf'd witli a new ^uoupinj; 
of tlie atoms of the molecule. 

We can, Iberefore, rejilace lh(‘ delinilion of chemical jirocesses 
};iven on p. I by the following;: Chemical processes are characterised 
by the fact that one or more mdnidual substances rojilace one or 
more individual substances wit h molc(‘ules of dillerent construction. 

The structural forinube, the us(^ of wIik’Ji is of ^rcat importance 
in representing; the inner constniction of the molecules, and especially 
iiidisjiensabie in or^n\ni(^ cliemistay. ikmmI not always la? carried out 
to show all the sejiarate did-ails, but can often bo use<l in a somewhat 
abbreviated form, as is the case in the examjile given of animonium 
iso(yanat(‘ and urea. 

b’or^thc jmrpose of analytical chemistr}' it is mainly nei essary to 
represent the reciprocal action of difl'ereiit molecules upon one 
a‘»iothcr; as a rule it is not necessary to show tlic inner con¬ 
struction of the molecule in detail. Wo shall, therefore, only use 
structural formula! when unavoidable, and as a rule in their abridged 
form. 

I 

Bccp.usc ii3 chemical processes different substances act ii])on one 
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ajiotluT in (lifTonnit. wms, Miosn r(!(‘i))rocal at'tions arc 1 ;crnied 
rctirliofhs. In -so far as a reaction is characteristic^of a dclinitc sub¬ 
stance it can be ein[)loyed for tlic identification of sucli substance. 
A substance wliiMi is used witJi another to proihioe a rcaidiou (of 
identification) 4 h termed a raigctU. ^ 

A siincs of clieinical substances of diiTeront kinds was mentioned 
ill the oxanijiles dealt with above, and these are divided into 
classes according to their jirojicrtu'S. A lar^^e number of ilements 
belong to the vuhtl class; as oppesed to them there an^ tln^ non- 
huiaJs (metalloids), such as hydrogen, oxygen, nitrogen, sulphur, 
(Jilorine, et<;, 

Metals can combine on th<‘ one Imnd directly with a number of 
non-metals chlimiMn bronnm*, iodine, fluorine, and on 

the other hand with giouj'S formed fiom noii'inotals and oxygiai 
(acid radicles) to form salts : common salt (sodium chloride) Na(fi, 
s.tltjietie (|iotassiiin! iiitiate) KKO.j, < alcmed gyjjsum (caleium 
Miljihate) CaiSOi anli\(lious sodium carbunate Na2C03. 

Tlx'se. ai 111 radii les. like the eieiiieuis, also possess a dclitiite 
valency. \s}ii< h therelme di'tiirnimes witli how many atoms of a 
monovalent, or with what corn'spimding (piantity of a polyvalent 
metal they i.in combme It. for ('xainjile, two monovalent acid 
ladicfes enter into coinbiiialion willi a divalent metal the acid radicle 
IS enclosed m a biae.kel. after whieli the tigiire 2 is placed just below 
the hue, c//. barium nit rati* P>a(N(J3)o. 

If tlic halogens, that is to sa\ tin* aenl /ail/eles, l•ombin(* with 
Inidioijeti instead of a metal, acids arc produced, eg hydrochlonc aiad 
JK'I, sul[»hiir]e acid nitric acid JIKO^. If the lialogens com¬ 

bine with the (iiionijvalent) radicle of water, hydroxyl Oil, hydroxides, 
also lormi'd fin.s-c.s, are formed, c //. KUll, J^afOJl)^, etc. The coiii- 
ja.mnds of tlic eli'iiients. especially those of metals, with oxygim are 
termed oxides. iSalts in which only the metal is in combinat ion with 
acid radicle arc termed ncalral, eg. K^SU4 ; i salts in which in 
uihlition to the metal there is also hydrogen in combination with the 
acid radicle arc terniod acid salts, e.g. KilS()4.^ Salta in wliich 
oxygen or hydroxyl in adtlition to the acid radicle arc condiined wit^i 

^ Neutral salts contain the same number of vatcncicH of metal and acid 
radicle in combination with (*ach otlier. 

* In naming particular acid salts it i.s customary to uso torms such as 
potassium hydrog(‘ii sulphate for KH1SO4, or^isodium hydrogen pho.s[ihato for 
NajUP04, in order also to give expression m the mono to tho fact that tho 
hydrogen and the metal stand in the same relationship towards^thc aei< radicle. 
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tho iiictul are t<‘rt)n‘d <w/. JJiOCl, Basie bjsuiutli ebloridc or 
bisifiuth oxyeliloiide ; Fe(()ll)(S04), basic ferric sulpluite.i 

If metals combine to form compounds jvitli differont valencies, as 
e.g. iron, which forms both monovahmt and divalent, comj)()und8 such 
as an oxide, hydroxide, and sall^, the cojn|)uumls with the metal in 
the lower state of valency are distin^uislied l>y atlixin*' the syllalile 
” oils ” to tlie root of the Latin naim;; whilst those com])ounds in 
which the metal is pri'smit in tln^ hij^dier state of valeiu;y are cliaraid.er- 
ised by aflixin^f the syllable “ ie," as, for example, hirrous oxide KeO, 
ferrous hydroxidii l<V(()lf)2, h'J-rous sulphate F(^8()4, ferric oxide 
Fe^Oy, fenh^ chloride Fed.,, huric h}droxido Fc{01I)j, manganous 
chloride MnCiJ, manganic oxiih* Mn.d)^ 

Salts consisting of a metal and non-metal are designated by 
adding the syllable “ ide " to the JjUtin root of the non-nutal, eg. 
sodium chloride Nath Salts with an acid radicle coiitaimiig oxygen 
are described by names which ate formed by aliaclimg the syllabic 
“ate” to the root of the Jjatin name of tlu' non-metal in tlic acid 
radicle, as, for examph', “ suljdiate ” for salts with the, acid radicle 
S().j, “ nitratii ” for salts with the a< id radicle if a non-metal 

forms acid radicles with (lijjerdil tjuanlitics of oxgim, those ne/icr 
in oxygen arc ib'signalcd by adding tin' syllable “ate,” and those 
poorer m oxygen by tli<- addition of the syllabic “ itc,” eg. j»otassiiim 
nitrate KNO3, potassium nitrite KNOo- H comjioiinds are also 
formed witli acid radiidi's coiilaming yi't other proportions of oxygen, 
those must imjioriant and of must frequent occurrence are distin¬ 
guished in the way described, whilst those containing a liigbcr pro¬ 
portion of oxygen receive the prefix “ siijier ” or now almost in¬ 
variably “ per,” and tlniso with a smaller proportion of oxygen the n 
prefix “hypo,” e.g. potassium chlorate KtlOy, potassium chlorite 
KClOo, potassium jicrclilorate KFlOj, [lotassium liypochlorite 
KOIO. 

In the case of the acids it is customary not to say hydrogen 
chlorate, etc., but “cblor ’’ acid, and tlien to distinguish between 
them, e.g. chloric acid IK'lOy, chlorous acid IICIO2, perchloric acid 
tlCi04, and hyjiochloroiis acid liClO. 

By the combination of non-melals with oxygen, compounds may 
be produced which coii'e.s])ond to acids, but which are distinguislied 
from them by the fact that they contain the elements of one or more 
molecules of watei' less than the acids; tlicy are, therefore, termed 

^ For furtluT details regarding salts, acids, and bases, see Sec. 3, in particular, 
p 25 et ^ 
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aind a7fh;f(Iri<l('f<, r.tf. Hiflpluiric, anhydride SO,}, conesponSiii^ to 
sulphnnc. acid 

('oinpounds of tlie elgiiicnts uilJi sul[)hiir are termed sulpludes. 
An.il(>;fous to ili(^o\'ycoiiate(] acid radicles (]iei'<‘ are als«) sulplio aiad 
jiidicJes, ill wfticli siilpliiir takes the ])l.ice of oxygen. Conijxnmds of 
tJiese .sul])lio acids witli metals are lernied .sulplio acids, c.f/. sodium 
siil[)lio-arseiiat(5 Nujj.VsS}. Oom[iouuds of metals with tlie mono¬ 
valent hydrogen snljiliide radicle, coijesj)oiidiiig to the hydroxyl 
radicio. are t<‘rm<‘<l liydrosulpliides. as, for exanijile, KSU. 

As mentioned above, in tin' format ion of salts or acids tJiere is a 
conibination eitln'r of i-ert.im non-mctallic elements (wliieli are, 
tlicrefiire, also termed lialogensor “ salt farmers ") or^gf acid radicl(‘S 
composed of groups of ehmimits containing oxvgmi with metals or 
witli hydrogen. ('onilunatioiis of elements, as <■ tj the group NOy (the 
iiitiate radicle), here play the same |»art as (“Icmmits, c//. chlurinc. 
Such a rcIalaonshi[) may also occur in <piite a diHerent nianner. 
Thus other clenumtarv groups may coniluiK' wit h livdrogen and metals 

' M<‘iitioii may In- made f)f (lie older eoiiei'plton jind tlio iiie(li(Ml of 

e\|irosHiiiir it, wliK || Ht tlie ]ne>ei)t (iiiic IS .slill fie(|iicii 11 iiiet With in everyday 
life. 

Tlie .ndivdi ides oi aenls of to-d.iy weic foi mei ly (•'i-nied acids. TllUS carbon 
diiivide (rail)oiiic anlivdiide) <'<)_. was < ;dled earlioiiie ai id. sihi n; aiiliydndo 
SiOj. sdieie .u id, e(c , and the fr>riiiatioii ol salts U.I.S legaided as heiiig a com- 
Imiatioii of (lieM' ai ids (now lermed aiili\diales ot ai ids) with the <i\ygeiiii.lc<l 
compounds of im tais CojtjK i .sulphate, loi example, was looked ujioii. not. 
as IS now oui’ [ii.ii (ue. as heme piodueed lioiii eopper ;i,tul the sul]ihuiJ<- acid 
radicle (h.St),, hut from siilpliiirie ” m nl am! < opjiei oxide ; heiieo t he foi niiila 
was vMitten Cut),SO,, and tlie salt teimed (he .suliihate of lojiper oxule. The 
deserjption of the metallic oxide as h.isc. t <■. basic siihstaiiec of (he salt, is also 
111 accordance uith tins dixsignalion of (he salt, with the name of the nictalh<; 
oxido as till" jum< ipal woid, and (liat of the ai id .is (he ilistinguishiiig epithet. 
Wdtli the I'liange m our conreptioiis tlie use of (he word " hasi- ” has also licen 
drojiped. At the juesent time only the lnnlioi ah s of metals (and ol gi(>ii|>s su<'h 
as aininomum. w Inch Ix liave in an analogou.s niaimei) aie still, s( rictly speaking, 
teriiKnl hascs. 

In thi.s cjder mode vf expression eom|iouiuJs in wlneli the metals weio 
piesent in ditloront statc.s of valency, i e. m eombmatioii witii ditlerent pro- 
jioftious of oxygen, ( hlorme, etc, were distmguishetl hy prelixing the syJIahIo 
■' jiroto ” to the iiaim^ of the metalloid. 'I’tuis, as a rule, the <‘ompounds w lii< h 
vve now di'SJgnato ferious, cmirous, etc., eomjiouiuls weie, (einied j>rol<i.\i<le, 
]irotoehloride. profosulpliide, etc., and those whieli we now term feme, ciijuie, 
iiieieune, cte., eompoumks wcio known as oxides, <-liloiidc.‘s, cyaiiuJes, etc. Jn 
the case of acids a distinetioa was drawn bi'tweeii those, the com pounds of whirti 
(o-day we designate, by the ternmi.itioii “ ite,'’ and those to winch we ap|u-n<! 
the syllable ate ” ; the foniuT were known as jdmsphorou.s aeitl, sidphurmus 
aejd, etc., and the latter as suljihunc acid, phnsplioiic aeid, etc. For exanijdi-, 
fermus sulphate l''eS()^. wiw ternu'd the sulphate <if jiroloxide of iron !■'<•( 
calcium sulphite t’.iSO^, sulphito of lime (or sulphite of calcium oxide) Catt.iSOj. 
f’or tlic compounds of a metal and a inet^loid the names were fornu'd hy 
associating the iianic.s <jf the iiudal and iiun-melal. <• 7. chloiido of sodium NaCi, 
sulphide of lead l*bfS 
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to form*acids and salts, as t'.;/. oyaiioj'cn CK as tlic' cyanide radiede, 
the trivalcnt grouji as the (eri'icyanide radicle 

(IN, CN' 

(N ^Ke CN 
(IN"" d,N 

C 

and the tctravelanl Fo{(]N)(3 as the forroeyanide radielc 

(’N. CN 
CN 

CN 

The grouji NIIj, ammonium, jilays tin; same [larb as a metal towards 
aeid radicles, f^imng with tiiem ammonium salts, which in all respeetr 
corrosjxmd to the sails of metals. 

So long as such an elementary gnuiji takes part m leactions 
without undergoing decomposition it exhibits delinitc properties 
wliicli are eliaraetm istic of it. and an ehmient contained in it thereloro 
shows other pheiionuma than when it is nut c<>mbiried in such a 
group. Thus, for (‘xaniple. the salts ot clilorme (chlorides), when they 
come in contact with silvm- nitrati* in solution, lorm silver chloride, 
which separates as a solid suhstaiu c. wiiilst chlorine, when it is com¬ 
bined with thns* oxygen atoms to fi»rm the chlorate radicle does not 
cause sueli a separation, because silver ehIorat«‘ is not insoluble. 

An mllucnee of this kind is s(s.‘n to a still greater extent in tlie 
examples (juoted above of ferri- and fernuyanides, in which the tneUd 
iron combines with six evanogon groups to form an acid radicle, 
which can thus also combine as a nmi-metal (like clilorme) with other 
metals to form salts (inehuling iron juvsent as a metal). <• 7 potassium 
ferrocyanide K,,Ke((’N)y or ferric forrocyanide l^e((’N)(}l;{ 

If elements (as in this case iron) or elementary groups (as in this 
case cyanogen), which can also by themselves form a (constituent of a 
salt, unitic to form a lunv group (w’liich again can occur as the com- 
jionent of a salt), such compounds are termed coinpti'xcs. Thus the 
forro- or the fcrricyanide radicles are complex groups, whilst the 
ferro- and b'rrieyanides are c()mj)l(cx salts. 

^ * In tJio fcrncyanut! riwlu k' tinaicnt iron in coiiibiiuitioii with three 
cyanogen groujw. and m flu* fi'rrocvanuh* radicle divalent iron is combined with 
two cyanogen grouiia, by means of llie oi-dinary \aloncies. Mon'over, in the 
lirst ca.s(‘ there are liiree addilioiial, and 111 Ihe second ca.se four additional com¬ 
bined cyanogen groups, wlucli can only sluue one valency rcsjicciivcly, being 
attaclied {according to Wi'rner's llicory) by the so-calk'd subsidiary valencies, 
indicated in tlie foi inula* by dolft^t lines. {('/. A. VV(‘rncr, Niucrc A/iscliauungen 
nuf dem O'chuk dir unoxjunischcn Chtmn , ttrd Kd. JJte Wtsmuschuji, 8 Bd. 
Braunschweig, 1913.) 
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i-’iirthcr oxain]>le.s of tiiu-li complex com})OiUKlK are : amr^oniuni 
pliospJiojiiolylKlatc {NH4);^P().12xMo();{ (where there are twelve 
moh‘(;ulcs of molylalic anliy(Jri(le witli one molecule of j^hosplftite 
ridiclc united (o'*form a\omplex acid radicle); potassium silico- 
iliioride K2SiK^{in whicli, ay in the case of cyanof^en. two metalloids 
arc miit(‘d to form an acid ra(ficle); potassium c-ohaltiiiitritc 
Ky( V)(Nt )2)(i (in which one atom of trivaicnt cobalt is united with 
six ml rite radicles to form a trivaicnt acid radicle) ; silver ammonium 
chloride Ag(Nll;j)2n (m which ease two ammonia molecules are 
muled with om? silver atom as a complex, which in this salt behaves 
like a metal). 

la addition to these complex compmmds, in which tlie complex 
apjioars as a simple mclal or as an acid radicle in aiMimcr form of 
(‘onibination. and m which \\c thus have onl\ m/c moliM iilc. though a 
complex one tliere are also compounds which fieipicntly occur 
whcri' the ■fiiohrulrs are in an rnm-r form <>J (•<uiihniuiion. To 
tins class b(“lnii;; the dnufAr suits, r i/ [(otassjum or ammonium 
siil|ilia(e coinlnmMl with cupric, inan;;anous. cobaltous, ferrous, etc., 
sulphates, typiticd by (NJI ),j.J\lnSt >4. the alums, such as 
KoSOj.Alo(SO|).,. and al)ove all tin' compounds of sails (and oilier 
forms ol comhinal ion) with w.iler. the liydrali s. such as (V(()Jl);j 
'1 2JLt h III which two molecules of water arc' united wit h the chromic 
liydio.\i({(‘ ill an inner form ol eombinalion. A particular class of 
lli(‘se compounds with water includes tliose in wliicli the water is 
jnesent m the lomi of llm so called wa1m‘ of ervstallisation, c (/. 
sodium cailionate in which ten molecules of water are m I'ombination 
in the form of crvstalliseil “.soda.” It was at one time frec^uontly 
l ustomaiv to ie|'U'Si‘nt tiu'.se com|M)unds containing water of crvstal- 
hsation in such a wav that one nioiecnle of water of ervstallisation 
was written as • a<i ' (fioni aipiu), and a “ jdiis ' sign ad<J<*(l, as, for 
example, Naj^t't)^ | |(.);wp 

The reactions betw'i'im different substances may take place not 
only in one direction; for example, calcium carbonate may not only 
1 m' dcimmjiosed into lime and carbon dioxide, but these two sub¬ 
stances ma}’ also reunite, ^ueh cases of reversible readion may be 
expressed in a formula, as, for example, CaCIO^^t'aO-j CO^. 

Asa matter of fact-the dccoinjiosition by heat of calcium carbonate 
also takes place as an inner reaction, but only up to a certain limit, 
dej»endmg upon the tenqierature, for H]) to that point the pro¬ 
portions of carbon dioxide and calcium oxide present arc such, that 
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there ife a sinuiltaneous re-formation of asrniueh calcium carbonate 
as is decomposed. 

^ 3 otli processes occur side b}' side, ami it is only the dilTcrcnce 
between that which jiivdominates and tlirfi. whii-h ^ less coiniilcte in 
its action which we observe as an alteration of tliCiwhole system. 
The ratio between the (piantity of substance deconi])oscd and the 
time in which this decomposition takes placi* is termed the velocity 
qfreactio/i. When tint velocity of naiction m hotli directions is of 
tho same maj^nitiide, so that then* can be no predominance in either 
direction, the velocity of rea(‘ti(ni of the whole systinn is ml; there 
is chemical e(|uililn iiiMi. and the reaction doi's not j)ioceed further in 
either ilirectioji. The vadoeity with which a rcactiim follows one 
particular course di'pends upon various <-oiiditions, sm-h as, for 
exani])le, the temperature, the •|)res('nce of otlier substances, and, 
above all, the relative (jiiantities of the substances concerned in the 
reaction, i.e on the isjiiccntration in the cas(‘ of solid ions and };ases. 
K^tric.tly speakln^^ all processes lake place in both directimis, but in 
many cases the vehaity in oim direction is almost, mlinitidy small. 
Then the reaction takes place alnukst completely in the rcvm'sii 
direction. The ])ractical result is that the latter alone is (dTective. 
Thi.s is notably the case, when one ol the ])ro(iucts ol tlu^ reaidion is 
removed from the sNstmu, so that tin* ainounti (d siibstances acting 
in the oppo.site direction is practically nil. When, therefore, in the 
ahove-mentioned example of the lieatinj^ ol (aileiiim carhonate tlie 
gaseous carbon dioxide es< a))es into tlu^ air. tlu' primary condition 
for a jiroces.s in which the reaction I'Xjiressed hy the (Mpiatioii 
CaCOi^^CaO | ('(>o to proceed m the direction from U';ht to leftfviz. 
that both of the components to the ii^ht shall siinultaiKsnisly he 
|>reseut) no lonj'cr exists (or not to any ('xteut), so that the reaction 
practically ]troceeds entirely from hdt to ri^lit. 

'I'lu' equation (_'a('()3---Ca(.) I-CU2 ^ivcs expression to this notion 
of a reaction ]>roceciliii^ in one direction only. 

Another way in which a product of a reaction can he witlidrawn 
from a decomposing' .system is hy the scparolion of an imoluhle 
precipitate from the solution containing' the reacting substances, 
solutions of silver nitiale and sodium i-hloride a(*t upon one another 
as a reaction jirocceding from Iioth directions, with the formation 
of silver chloride and sodium nitrate: AgNO^ -l Nal’l^Agt'l-l-NaNOa. 
But siiieo the silver diloriile produced is very sparingly soluble, it 
separates almost couqilotel^', leaving only a practically negligttilc 
trace silwr in solution, so that an appreciable reaction in the 
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direction of right to left cannot take place ; tlio reaction tliua 
proc(‘eds practically throughout in the dircidion : AgNO^ I Na(d 
:.:Ag(3M-NaN();^d „ ' ' 

Hence for the* separation of tlio different substances which are 
present togetlihr, analytical cluuuisiry employs processes in which 
one of the substances is separat<^d in an insolu])le or volatile form ; in 
other words, j>rocesses wliich jjrocect] practically only in one direction 
and to finality. 

Wlien this is not the rase, hut when both reactions can actually 
lake ])la(;c with appr(‘ciahl (5 S|)ecd, the conditions of eipiilihriiim can 
he mon‘ readily f()llowed, and in this respect it has boon found that 
tii(‘ laws of preponderance may he ox])ressed in a sim]>lA^natliematieal 
form Thus the vapour of ammonium ehlorid<‘ on heating is decom- 
])osed into hy<!rogcn chloride (hydrochloric acid) and artimonia. 
The Hiactiou also takes place in the. reverse direction, and is thus 
o.xjtn'ssed by the formnla NHI.tI ]f(d. 

'I'lie process is ( oniph'ted op to a ceilain ])oint as an inner reaction, 
which depends upon the temperature In this rt'action the product 
of the substances formed by the d<M‘()m])osition stands in a certain 
definite relation to tin; (jiiantity of the nndc(0!njK)s<‘d amiiioninm 

dilorido: |NJi,||H(;lHA'.|NJr,('ll or also in 

INJIA'll 

which K is thus a constant (the <‘(pnlihrinm constajit), d<^])ending 
U]Kin the nature of the ]n1<*ra< ting snhstancc.s and tin* temperature. 

If a certain (piantity of ammonia gas is alreadv ]»r<*s(‘nt where 
the al)ov(‘-nientioued process is taking [daec, it checks tlic decom- 
])ositioii of the ammonium cfiloride, l)eeause this ammonia as well as 
tfiat formed by t he decomposition of the ammonium i liloride results 
in tlie product ammonia -|- hytirogen «-h]orido. 

'I'his law of ])re])onderauc(‘ is tcriiK'd the /u?c of ma^s ach'on, and 
can he cx])i*essed in a’geiicia! formula iu the following manner;— 
The velocity of reaction, as {hildherg and Waage have found, is 
proportional to the masses entering into reaction, that is to say, in 
the cases of solutions and gases it is jn’oportional to tlu^ concentration. 


In the case of a n'vcrsilde reaction in accordance with the sinipj^p 
scheme , , 


it follows that if the concentration of the substances A and P is 


* Soo Seo. 6. 

' 'the use of scpian* hrachefs denojc.s th^t it is not a inolccuh- which is 
indicated by the formula, luit the of llic cornjxjuiids in question 

associated witli the rtwtion. ’ * 
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desij^nated as {A) and (/?), i.e. thfi nnnibor'of ‘frammca of A and B in 
low parts l)y voiiinu', tlion the velocity for the course of tlie 
reaction from left to rigid is represented [>y 

ri- hlA\.\Jl\ 

CorrespoiKlingly t]»e velocity of reacl ion r., for th(' course of tlie 
reaction from riglit to l(‘ft is (‘xjnesscid ]»y 

r.-MC\ 

where [('] represents the concentration in relation to the substance C, 
whilst ki and an* constant [)rop()rtinna.l factors, the naiction 
velocity constants of both leactions. 

When thl^ velocity in (uie direction has hccotne eipial to tliat in 
the other direction eijiiilibrmni ensues, i.r. tin* l•(‘ac,iion slops. This 
is the ease when /'if-l|.|/i| 

From this ecjiial ion it l<»llows t hat 

|C| i, 

K Is the (piotient of the two constant velu< ities of reaction, that 
is to say, a constant itself, the so-called vijnilthnum eovsiavt of the 
reactions in question. It is depcndmit upon the nature of the sub¬ 
stances, which eitlicr enter into reaction, or are formed during 
reaction, or upon the tempi'iature, jircssurc. solvent, and other 
substances winch may bo pri'sent. 

The law of mass action considered in relation to tin* r(‘a(ition 

t/A'-l-7t"A"-l H"'A'"-j .. .=- ... 

may be express(*d in a giuu'ral form by tlio equation 

\A'\H!\A"\v!'.\A"’\7r 
|/T|m/.j \'tn" 

where 7 i and m rejn-csent liow many nu>!ecules of the .substance^ 
A and B enter into reaction or are produced l>y \tA 

* Further desoriptions f)f a jicncral chcnuciil nature, and of ilieir repre.scnta- 
Coil in formuhe, are given in ili(» following Hi'ction.s on llte anal.ytieal ojK-rations. 
cai>ccially in Sec. 3 , beeauso they can he more readily understood after the 
descriptions given tliore. 


-A' 
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Seo. 2. 

11 . ANAJiYTlCAL OPERATIONS. 

V 

General Outline. 

'Fue identification of the substances to ])e investij^ated by analytical 
analysis may be olTected either by direct ob.serv'ation of definite 
chanictoristic jjropertie.s, wlien tliey can be inimedi.ib'lr recognised 
in the siibstaiiee uri<lor examination, or it re((uir(‘s. as mentioned 
above, that conditions shall be brou;L^)it about under wliich such 
cliaraeleristic j)ro[ierties appear, The methods whiey are used for 
this juirposc are termed analytical operation, h 

These may he concerned either with the sharpenin^f or ditfercuitia- 
lion i»f the .sense pen eptioiis, or with th(“ir amplification hy tlie 
mnnerie.al detenmnatimi of certain propeiti<‘s, as, for examjile, by 
the use of the mieroscojie or spee.troscop(*. or by the determina- 
lion of the mehinjf ])oint. boihn<4' ]K)itit, spia ilic j:fravity, etc. On 
tlie other liaml. they may be concerned with the (ionversion of 
the substances uii<lor examination into eharacteristic forms or 
com))Oumls, the properties of which, as. for example, the colour, 
crystalline form, etc,., may he u.se<] for tlieir ident ification. 

If si'veral siihstances are simultaneously present, the identifica¬ 
tion of one of tliem may often he interfered with hy the presence of 
the otlicrs, because its specific jiroperties cannot then be so e.learly 
perceived; it is, tlicrefore, one of the mam tasks of analytical 
clu'inistry to separate sevi'ral substances simultaneously present 
from one another so as to bo able to identify them individually. 

» Jf a luterofjcnfOiis mixture of ditlereiit <Iissimilar siih.stam^es is 
])re.sent, as, for example, one of common salt ami sand, or a lijpiid 
in which a solid body distributed or lias sub.sided. or a mixture of 
two fluids siich as oil and water, the different snbstane(*H which 
ah'i'adv are distim t from one another, / c. the pJ/a-V'!, can be directly 
separated from one another liy mecliani(‘al means.^ But if a 

^ IMiasos are (lohneil as ffirms of matter of Ifio same kind, which are separated 
from (‘ach other by homoj'eneoiis surfaces. 'I'hiis a mixture of water and cthoi 
consists of twoseparato jihasc.s, a.s doosal.so the mixture of metal jiowdcr and sand 
i-ovcrcd with water, wliilst tlio mixture of llicfli* two solid sniistances with the 
air which is m lietwcen them re])resentH a mixtiux^ of three phases. A solution 
of a solid aubstance or gas m a ]i<pnd form.s one ])base ; if a portion of the soliil 
hiibstancc separates from the aolulion (as on the cooling of the solution), or if 
some of the gas eseapea (I'.g. a.s in the oiienmg iif a sod.i-water bottle), then in 
addition to the lifpiid phase {the Holnlmn) a .solid or gaseous ph.a.se is produced 
ui the form of crystals or gas biibliles vvhieh .''cparan*. ® '* 



IG 


CENERAL CHEMICAL PRINCIPLES 


on.* I 


chenntal combination is present, or a “ homogeneous ” mixture (as, 
for example, a mixture of gases like air, a mixture of water and 
aldhhol, a salt solution, or an alloy such as brass), it is necessary first 
to convert such a hoinogciieou.s substjfnco into a heterogeneous 
mixture (into several phases) before it is p()ssil)l<5^ se])nrate its 
individual constituents from (fiie anotlier by mechanical means. 
This (■onv(*i'sion into a heterogeneo\is mixtui'(‘ is frequently accom¬ 
panied by a simultaneous (■hemi<-al decomposition, in wbich, for 
example, a constitiUMit of a homogeneous substance is converted 
into another chenii<-al conqumnd. which is then separated in the form 
of a new ]iliase. Thus silver <;m Ik* scpiin(t(“<l from an a((ueous 
solution of !«lv(‘r nilrafc h V roiivortmg it into iii.solubie silver 
chloride by, c.//. the addition of sodium < hlondt‘. 

Of the methods applicalile to the separation, as thus defined, of 
difierent suhstances, those mainly used for analytical ])urj)oses, are 
the following; Solution, ciystalli.sation, jirccijiitatioii {with its 
suhs<*(pi('nt suhsidiary opmations of filtration, decanting, and 
washing), (lialysis, exiracliou by sbaking, distillation, ignition, 
sublimation, melting, including disintegration liy fusion, and 
explosive fusion. 

In aihlition to these methods of separation, during wliicii distinc¬ 
tive ])henoniena mav appear, wliendiy the substances in <juostion 
may at on<;e lx; recogni.seil, a .smies of identilieatiou tests is descnlx'd, 
together witli the a|ipaiatiis an<l instillments for tlie purpose of 
making them, a.s also lor the purpose of making .siparation tests. 
These include oxidation and reduction. det(‘rminatiou of the reaction 
by means of indicators, gas juoduction. burners and lamps, the blow- 
jiipc, application of bead t e.sts, 1h<‘ spectroscope, and tlie mie.roscope. 
No deseri[)tion is given hero of <piantitative jiliysical methods, sucli^ 
as the determination of tin' di'iisity, the refractive indices, the solu¬ 
bility, or of such ijuantitative cliemlcal estiiivitions (as, for example, 
the iodine absorption of fats), the results of ^\llicll can be used for the 
identification of substames, because a descrqdion of such methods 
comes under the heading of quantitative anahsis, and they are not 
^used in strictly ijualitative analysis. 


Sec. 3. 

1. Solution. 

One of the most impectant means of sejiarating different sub- 
atanotfs from one anotln'i is solution, wliicli can alfoct one substance 
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f)ut not jinotlier, or, on tlft otlior hand, may cause the separation of a 

substance previously in solution (together with others) in a solid or 
gaseous form. 

But in additiofito tiiiH,Tsoiutiou is important, because an intimate 
jec'iprocal contact is nccirssary to develop the action of dillVrent 
.substances U]>on one another, and ?ho mixing of two solutions is a 
jiarticularlv easy means of attaining tins. By far the largest pro- 
[lort-ion of reac^tions takes place in solution [corpoxi non tujunt nisi 
jlmda). The solution of substances is then*forc frecpiently a pre¬ 
liminary condition for the production of furtlier reactions. 

By solutions m the widest sense is understood all iiomogeneous 
mixtures of sub.stan('<‘s of a dillerent kind. Jri the ifti^Tower sense, 
as primarily iis(‘<l lien*, solutions an; uiulerstood to b(^ Iluid mixtures 
of ibis kiiul. and the process of solution of a gas m a li<|uid is termed 
nOsofiihon, lliat ol a li(jUiil m anotber Ibpud inulurr, and only tbe 
solution oi solid siibsl.aii(-es m a Injuid is somewhat inajitly called 
solnlnoi. Two ]iroccss(“s of solution may be distinguislieil. Jn the 
siin[d(‘st case, r.y. m the suliition of sodium chIorid(! m water, the 
dissolved substam o may be recovered niichangcMl by the evaporation 
of the solvc'iit 'This kind of solution is ireipiently termeil physical 
solution. Jhit a cluuiiicul reaction may also take place between the 
dissolved substance and tiie solvent, so that on removing the latter 
a (lillercnt sub.stanec is obtained from that which was originally 
<lis.solv(‘d. hor instance*, when chalk is dissolved m hydrochloric 
acid a IkjUid is obiamcil vvliieli. on evaporation, leaves calcium 
clitoride. Such a jiroce'ss is freejiieiit ly ternu'd chemical solution. 

In all solution.-' ol solid substances, or of gases m liquids, and m 
many ca..ses in the solution of inpuds m liqiinls, only a certain quantity 
of the substance uiulcrgoing solution can lie dissolved by a dctinile 
i[uantity of solvent. A solution in winch this relationship is reached 
IS termed stU^irahd. ts’olutions m whudi a smaller quantity »if the 
''Ubstanec than this is dissolved aie known as unsaiuraled or dilute. 

The ratio ol th<* epiantity of dis.solved snb.stanco to the volume of 
.''olution IS termed its connrnlmtion (numerically expressed, the con¬ 
centration indicate.s tin; mimher of grammes of dissolved substanec#. 
m a hire of solution), fcjolutions of higher concentration are also 
inaptly called ” concentrated," those of lower concentration “ dilute.’' 
I'lie quantity of substance dissolved at the saturation point depends 
iqion tiic tenqx'iature ; h(‘nco one ean only say that a solution is 
saturated at a detiiiite teuijjeratiue. Ii? the solution of .solid sub¬ 
stances the <|uantity which can be taken up by a delimtS amoflnt of 
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liquid as a nilc incroasos witli the rise in $onq>orature. whilst in the 
solution of gases tlio reverse is (lie case. If a elieinieal reaction is 
involved in the solution, the maximum quantity of substance 
dissolved depends not only on the saturarion poiiu. but also on the 
amount of the i-eag<‘nt which (dlVi ts the solution. Thas the quantity 
of zinc which can fu* <lissolvc(l by a definite' anioiint of sulphuric acid 
depends on t'he one hand on how much zinc suljihatc a saturated 
solution can contain, and on the other, upon tlu' (juantity and concen¬ 
tration of the sul])huiie acid, because when all the sulphuric acid 
originally present has been us(‘d in the foruiatuni of zinc sulphate 
no more zinc can be dissolved, ev<'n wIk'H I lie solution is not yet 
saturated witji zinc sulphate ^ 

The more linelv divalcd is a substance the more rajiidlv it is 
dissolved in a liquid, bi'cansc it then ean offer a greater surface for 
the solvent to attack. Shaking <ti’ sliriing jiromotes solution, 
because the concentrated s»>lution which lonns in (he neighlmurliood 
of tlie solid substance is diluleil vvilli fresli solvent Keating usually 
promotes the solution of solid sul'stanees liy incieasiug the solvi'iit 
action. 

Solutions of solid substance.s (wliicli here ai(' (lie juimary con¬ 
sideration) are usually obtained in chemical laltoraiories bv,digesting 
the substances with the liquid in beakers, boiling flasks, (est-tubes, or 
dishes, i c. by bringing them into contact for some time at the ordinary 
temperature, or by liealing them).' In (he case of chemieal solutions 
it is as a rule l>est to living the substance to be dissolved into contact 
with water (or with what other indifferent Injuid is used), ami ( lieu 
gradually to add tlie chemually active substance. Jii this way a 
large, excess of tlie latter is avotdi'd. too violent action is prevented,^ 
and solution takes ]ilaee readily ami comph'tcly. 

The principal solvents u.sc<l in (jualilativc analysis are the follow¬ 
ing : firstly, walci'. It is always used in tlieTorm of distilled water. 
wlienever in this book watm- is mentioned without further qualifica¬ 
tion, distilhsl water is always meant. 

Secondly, <icids, whidi include (i) hydrocldoric acid usually in 
odilutc form of sp. gr. ri2. sonictiines as concentrated acid of 
sp, gr. l' 17 , and less freipiently of sp. gr. 1 T 9 . ( 2 ) Nitric- acid, ililiite 
of sp. gr. l’2, concentrated of sp. gr. I'd, and fuming acid of 

* For further details, sec the second part, Sti.'^hviatir Course of Qmlitatur 
Annlt^si’<, lubric number 3 l. 4.The solution (sf solid substances in contmuoii.-- 
oxtraiUion apparatus is of more importance for (jiiantitalivc estimations. It l^^ 
described in (lie introduction to quantitative analysis. 
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sp ^r. i lV — lT). {Kt-‘d •fujjiing iiitrii- acid contains nitrons acid.) 

Afjua iojia, a mixture of ojicpart of dilute nitric acid and tlyec 
to four parts of dilute liydrocliloric acid. (4) Sulphuric acid, dilute 
of sp. ‘.jr. ril. aui^ concentratinl of sp. gr. of 1'812. 

Kiually, orffhmc includij^g (1) alcohol (86 per cent, hy 

weight and ahsolute). and (2) eiher. 

The [divsical propertu's of soliitioiis ol dilferont siihstanci's in 
tlu‘ same solvent at e<[iial eoiuxuitration, i.c. when oipial weights of 
th<“ dissolved suljstaneti aie present m ci[ual ([uantdies of lii[uid, 
ditl'ei from one anoLlier, but if solutions art' compareii wiiieh m the 
^apu■ solvents contain as maiiv mohciiles of the di.ssol^^d substance 
111 an (‘(pial volume, it will be lound that they all have a number of 
pioperl-ies in common. 

Thus the freezing and boiling points^ (m’. the temperature at 
uliieli tiie solvent IS converted into solid form, or separates as vapour 
evtm witlim tht' lnpii<l itsidl), and. speaking generally, the va|)our 
pre.ssnre of the solvent is t he same for all siieji h<|iuds. Tins also 
ap[>lies to the osv/cVic /nvwsz/yc (cc. the, force w'lth W'liieli a dissolved 
siihstanee attraets Imtlier solvent to itsi'lf ('/! pp. fh 15). 

'I’o this law, howi'vcr, a wdiolc senes of apparent e.\:ee]dions us 
(o he found in the aqueous solutums of those substanees. salts, aenis, 
ami bases (motallic hydroxides), with wliieli analytical chemistry is 
especially' concerned.- The) show vapour pressuies (and, therelnre, 
lioiling and freezing points) and osmotic pressuies, winch (airrespond 
to a greater numlau’ of dissolved moh'cules idiau are aetuallv }»resent. 

iSolutions m whieli this deviation from the general rule occurs 
^conduel ail electru’ (ament, the dissolved snhstan<;e being thereby 
(leeoni])osed. This pro< (‘ss of chemical decomposition under the 
iiilhie.rmc of an ch'ctnc (■urr(‘nt is termcil rUrlrolf/sis, and the substance 
(hen'by decomposi'il at* ckclrol'ilc. 

The explanation for the behaviour of these solutions is to he 
found in the, fact that on the .solution of clecUadyti's I hen* resull s a 
decoiupositiou [disfiociathH) of a more or loss considm-uhle part of 
the dissolving molecules into metal (or a group with a corresponding* 
behaviour, e.(). ammonium) or hydrogen, on the one hand, and into 

’ J'rovidod tlial on luMlinu' er cooling thu liquid tlicso temperatures nni bo 
reikchecl witliout [irevious Hcp.iration of tho dissolved substance, 

HiMiee in OiVHOd wiieio the dissolved substanci* has also an appreciable vapour 
piesMiro of it.s own, v q. soluliuns of gose.s and^ipiicJs, this relationship is Itiss 
•’lUIJlIo. « 

* This deviation may also occur in other, but not in all solvents. 
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an acid radicle, or hydroxyl (OH) <tn tli(‘ otfior liand. These fractions 
of the molecules ori^itudly dissolved heliave in solution like complete 
molecules. If tlie sum of the nndeconiposed iiioh'cules and fractions 
of molccuhis in the solution is taken into consideration, such a solution 
flliowH normal vapour im'ssiire a^nd osnu)lic pressure." 

The ratio of the sum of the dissolved molecules and fraidions of 
molecules to the volume of the solution is t<‘nned the osmolic con- 
cr.nirafiuu, and the al)ovi‘-niention<‘d law of proportion may therefore 
be, expr(‘ss(Ml as follows ; Solut ions of (Mjual osmotic concmit ration 
show the same vapour piessure and osmotic piessure (an<l therefore 
the same freezin}.^ and boiling points). 

The deco^'ipo.sition of moh'eiilt's into inrt.d and acid railii le, m the 
process of solution is associated witli the fart tbat the positive and 
negative ele<--tri(^ charges 7<‘eiprorall\ halaneing each otli<‘r in the 
original molecule, occur as sejiaiati*. eliarges in the fractions of the 
molecule, and in such a manner that the imdals or hydrogen show a 
positive, and tlie acid radicle or liydroxyl a negat i\e charge. 

Wlien an idectrie curreui is condueted into a solution containing 
such eleidricallv charged fractions of molecules, the decomposition 
])roducts of the molecules aie attracted or repulsial hy the plates (the 
so-called electrodes) through which th<‘ current is introduced. The 
negatively charged acid ladicles make towards the positive entrance, 
point of the elec.trie currmit (the anode), whilst the jiositivcly charged 
metals seek the negative enl.rane.c point (the, cathode'). They tlierc 
give up their respective charges, and then'liy are separated, as will 
jiresently he deseriheei, as products of the decomposition of the 
dissolved substance. Tlie pas.'<age of an olectrie eiirient through a 
liijuid is elue to this movemeut of the iraetioiis of iiudeeule. Jnquuls,, 
wliieh do not contain deet)mposed molecules do not conduct an electrii* 
current unless the) are fused metals. On lu-count of tliis juoperty 
of the decom])osit loii prodiu ts of the moleeufes of causing an electric 
I'liiTont to ]iiiss through electrohte solutions, they are named lovs 
(derived from tlie Orei'k iiaiii*' for " wanderer’ ), and the positively 
charged metals streaming iowaids the catliodi' are termed cafio}i-'<, 
4,iu contra-distinetion to tlie negutivi'ly charged acid radicles or 
anions streaming towards the anode. 

The ions pis'sent m the solution heconie converted, by liaving 
their electric, ehargi^ withdrawn from them, into the uncharged atoms 
of elementary metals or uni'harged acid radicles, which apjicar oi' 
are precijhtated at the elc^rodes. ^Idiey are thus dilferent from the 
lattef, as is Miown by ilu'ir whole liohaviour. In a solution of common 
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s.tlt \v<“ lias'c To aHsuriK* tiuiT sodium ions and clilonno ions aro present, 
in accordance with the iln'ory outline«l al)ov<^ hut we (Jo not oJise^ve 
!M sucli a solution any si^m of the ciiaracteristic.s of ('lenientarv 
< iilonne, wliich is ;t (corrosive ;;reenish ;;as, with an int<‘nsely pungent 
odour and hli^cliinif pn)])erti(‘s ; ^or <d tlu* cliaracii'ristic.s of 
ficiiiciitarv metallic sodium, which (h'composcs water, with the 
formation of causti(^ soda (sodium hydro.xidi'). and i^asoous hvdrogim, 
which (‘sc.ipcs Hut if an electric emrent is |)asa(al inlo a solution of 
salt, there ts a formation (parlitudariy distimd) of ehlonm* j^as at 
the anode, and sodium hvdro.\id«‘ and hydrogen at the eatliode 

Siniilarlv, m the case of a solution of coppm- sul])Iinte nothing 
ciiy l)c seen of pari k Ics of “ nu'tailic ” (’opp(‘r until th^^ntroductioii 
of an cicrl nc ciii rent discliargi's tiu'. cii|)ri(^ ion and causes the copptu’ 
|o deposit as mclal upon the cafluMh^. The muliaigcd sulphate 
r.ida le formed he liie disj fiarging ol ilie siilpliali' ion at the anode 
cannot c,\ist as such, and t liejetoie at the moiiKUit of its dis( harg(‘ 
if. decomposes the water, witli tlu' formation of siilphuiic acid and 
owgeii S(i4 ! 11^0 JI0SO4 4 ()., 

TIh‘ cleetruwha.r^e is of Ihesanu^ stnmgth in siie.li aggregates 
of the inolecnlar iractions as show correspondmglv' ofnial valetuues 
(/c are e(|uival(‘iil). The (piantaty of a eli.irgc' of (‘l(‘etiieit v corre- 
>poiidmg to a vahmev is ternu'd an (‘Irciroii. Heme, m the (^l('<■,^ro- 
i\sis of sodium eliloiide then' is invanahlv a simultaneous lihoraiion 
ol 2.‘) gnus of sodium and 'X) 4t> grins of (‘hlorine , in tin* ]u-ocess of 
discluirging one sodium alaun. the cathode throws off a negative 
<’lcrtron. whilst in dis« barging one elilorine atom t he anode takes up a 
negative electron 

, Th(‘ (lifi’erone.e in ehemieal lieliavioiir hetaveeii the jons and aloms 
(or atom groujjs) which corre.spoiHl to them is ('xpressed m formula' 
liy indieatiiig eaidi positive charge h\' , ami each m'gative chargi' 
hv The ions am tliiis represi'iitcd as individual siihstama'a 
distinct fioni tlu' elementary atenns or uiieharged acid radicles. 

Thus we have metallic sodium, Na, t he sodium ion Na', (‘lenientary 
chlorine (1, and the ehlorim' ion (T. 

It is ]>ossihle to regard tluf eutions and anions as heing already 
lU('S('nt even in the uml('<-omposed, umlissohu'd molecules, and tlieir 
coin lunation as h(*ing simply then'sult of tlie attraction of tJie particles 
Containing different, charges of ele(Ti'icity. 

There would t lius in the eomhinalion of two elements {(’.(/. sodium 
and elilorine) to form a salt he first a cli^nge from the elementary 
‘‘(Uidition into that of ions containing dilTcient charges of*electrteity, 
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and then n combination of these, through their reciprocal attraction, 
to ^oriii a molecule. 

Ak a further develojutient of this eotK‘<!ption chemical affinity in 
general (recipro<-al power of (;()m})ination) may ^)e rcijjresented as 
dejieialing upon negative and^ ])Ositivo cliarges. ‘J’he individual 
elements have different chM tro-nllinities, ?.c. differ in their capacity 
of receiving an electrii; charge, and whereas many e.vert a strong 
attraction for a negative’! charge, othcTs are eliaracierisiMl by being 
endowed with a slight positive eliarge. Jn the ease of many elements 
lioth kinds of charge may be pn'S('Mt, so that these (ilcincnts have an 
unipholcric eharaf!ior, i.c. being ])08itivc towards lu'gative substances 
and negativ^*towar<l.s positive substances, [for further partie.ula’‘s, 
see p. 02 , See. 10 . 

The ilissoeh'ition wliicli takes ]»laee on the solution of an electro¬ 
lyte, or the i<»iisa(it)i/ process, as it is also ti'vnied, is rcjin'scnted as a 
formula in the following manner : Nad^Na’ j 

The cmuplete ionisation of tiio siilpliiiiii^ acid molecule eorre- 
H])onds to the formula It <dso undergo 

only partial deeoini)Osition : lloSO^^il 'i JbSO/. 

As was mentioiUMl ahovo. in tiie solut ion of the electrolyte there 
is a more or less jiroiiouiKHMl dis.so(hition into ions of the dissolving 
molecules, in addition to which molecuh's still undissociated are 
jiresent in the solution. 

Tlie proportion of molecules di'eoinposed into ions affords a 
measure of the extent to which this dissociation has taken place, 
and is termed the t/eym; of dissocial ion. If, for examjile, out of 
1 (X) molecules 75 arc decomposed into ions, the dissociation degree 
~ 0 ' 7 r). If all the molecules arc dissociatial the dissociation degree^ 
is 1 . 

The greater the dilution of a solution, the larger is the projiortion 
of mokaades decomposed into ions, and m very dilute solutions 
practically all the molecules arc dissocuated. If tlie solutions are 
more concentrated thcie is an a]iproriable, and in many cases a large 
(piantity of undissociated molecules present. 

The dissociation capacity differs very mm-li m the c.ase of different 
substances. Thus strong acids, siicli as h^droeliloric. nitric, and 
sulphuric acids, and strong bases, such as sodium or ])ota.ssium 
hydroxide, are almost completely ionised in not. very dilute solutions; 
Tlie solutions of weak acids, such as e.g. ai^etic acid, contain, oven 
wlien (ixtremely diluted, friany still iindissoeiated molecules, whilst 
the Base affmionium hydroxide, which as compared with potassium 
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livilroxidf! is relatively Wbak, is dissociated to a mueli smaller extent 
than the latter (p. 25 ). 

Jiwt as an increase in tlio munUer of ions is associated with 
rliiution, so, on otlicr hand, concentration of a solution {ejf. hy 
('vaporation o^ tlie solvent) is accompanied by a combination of ions. 
We liave here, tlierefore. a reversible proct^ss, (mtirely analogous 
to that described on ]). 12 W.w/. Here, too, conditions of equilibrium 
must b(‘ established, for which in the cas<‘ of acids and bases the law 
of mass action, described on p. 15 , holds good in the same way as 
for other clieinical reactions. Ostwald has shown that this also 
ap])Iios to more dilute solutions, and has expressed it as a formula in 
Ips so-called law of dilution. In such cases the follo\ 9 iug equation is 
.ipplieablo :— 

[dation],[Anion] 

[Undissoeinted railicle \ 

where /v is the dissociation constant of the substance in question. 
It IS (hipemlent on the temperature. 

It was mentioned (p. | 5 ) tliat tlie decomposition of ammonium 
chloride into hydrogen chlorhle and ammonia is checked when one 
()l tli<^ suiistances formed as prodm ts of tlie deconqiosition is already 
]iiesent m the same sjiace oecupied by the gas, and similarly in this 
particular instance of the law of mass action tin; dissociation is 
inlhieiKMul in an analogous manner. In the case of tlie simultaneous 
pre.senc(^ of two (dectrolytos with one ion in common the ionisation 
of each of Mm'so is Icess than if it alone were dissolved in tlm same 
volume of lupiid. ff, for examph‘, ammonium acetate ami formate 
are present togetln^r the total quantit)^ of ammonium hui must be 
• taken into considi'ratiori both for the ecpiaiioii 

|N1I4-J.1IC00^1 
• [lIOOONHii " 

and for the oipiation 

Lmi4-|.[on3CO(yj 
Lcii3(h)oNi[4] ^ 

lienee each of the salts is ionised to a liiss extent than if it werq 
alone a solution. 

If in the action of two solutions of electrolytes ujion eaeli other 
«a reaction occurs, the process is one between the ions. If, for 
example, tlie action of liydrochloric acid upon silver nitrate is con¬ 
sidered, the process wliicli actually take# place is not that expressed 
by the equation: AgNO;j-j-HCl—AgCl+IINOg, but ijince AgNOg 
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is dissociated into Ag' l NO^' and H(^l irf^o II’+Ol', the Aj^'+Cr 
act upon each other in such a way that witli the disclmrf:;inj>: of these 
ions silver chloride is ])ri‘(‘i]iitat<'d ; tlie solution will then contain II' 
with NO/. As fast us tlu^ silver ions disa])pear a fiesh portion of the 
residue, of undissocialed silver nitrate, wliich in tin- case of more 
dilute solutions is very sinalh is ionised, and tlie resulting silver ions 
again react with chlorine ions, until tli(‘ whole of tlie silver or chlorine 
lias been ])rccipitated. 

It will he seen that the same juocess must also take ]dace when, 
instead of hydrochloric acid, sodium ehlori<!e acts upon silver nitrate, 
for. in that case, in aildition to Ag'-f-NOa' there are pivsent Na'-f-CK, 
and the ions Ag;* and Cl' react with one anotluT in exactlv the same 
way as in the previous insiaiu^e. Prom tliis example it is obvious 
why in chemical reactions solutions of different salts of the same 
metal behave in the same manner, when it is a ipiestion of jirocesses 
in whi(;li the mini the cation) is conc«‘rncd ; and why, on tlic 
otlicr hand, in those reactions in whiidi the neid (fc. the anion) is 
(concerned it does not matter whicli salt of the acid effects the 
reaction. It is, in fact, oidy tlie ions and not the salts themselves 
wliicli react. 

Hence the jirocesses which result in the formation of a prociidtato 
ar<‘ only ajijiarcntly dilTerent, wludbcr one writes, for exam|)lo - 

Ba(!U+H.S()4 naSO^d-^IlCl 
or Ba(NO/.4-Jli>S()4- Ba804+2IIN03 
or BaClod Na-BOr -BaS()4+2NaCl, etc. 

The only jiroccss really coneerned in the formation of the pre¬ 
cipitate is : Ba" fB()4'^ -BaStAn 

If an element or an ehmientaiy grou]) is ])reseiit in one chemical 
com])ound in siicli a form that on dis-sociation it is liherated as an 
individual ion. but in amtthvf compound is in Combination with other 
olementa to form a group (or eonijilex),^ whicli on dissociation of the 
comjiound is liherated as an undivided ion, the solutions of tliese 
conijtouiuls will give entindy dilTment reactions. Bor exain[)le, 

,sulphides, with the ion )S". form ])rcci]»ilates with ferrous, cupric., 
and cohaltous salts, whereas suliiluites, witli tlic ion St)/', do not 
form them (diromium in chromic salts is prccijiitated by ammonium 
hydroxide, in accordance witli the i'quali(m : ('r "d-.'iOH'~rr(OH)3 ; 
but if the chromium is presmit in the form id a chromate it is not 


‘ 8ee p, 10. 
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by alkali hydroxides, for in thal, ease it is contained in 
tlie anion (’r()/'. 

A distinct (litTeronco may lie oliserved between reactions of the 
same elemeid wlieVi ])resenf- in two dilTerent forms of valency ’ 
js |)re{ij)itated,'Hvbilst. }{;*•• is not precipitated by (T) ; or between 
tlic reactions j^iven by ditTerent j^rdups of <‘lements, which contain 
one (‘leinent combined witli otluM- (>leinents. in dilb'rent ])roportions, 
c q no', f'hV> or in wliich one element is in ciimbination with 

din'eivnt ekmients. Thus, ior examjile. the two anions (’N' and 
('(){", both eontainin^ earhon. dilh'V in their behaviour, as do also 
tiie diDVnmt a( id radicles NO;/, I'iO,/. CO./', SO/', etc , all of w]ii<-b 
eoptain oxyjfen. apart from t he fact that they all act acid radicles 
in a eoinpletelv iliflVrent manner. 

An find is cliariK tm ised hy contuinin;» hz/dtofit n ions, a hasr by 
eonlaiiiinjf l/fi<hor_?f] ions. The gri'utcr the extemt to which tlie 
inolei iilc of an acid or base is ionised, other conditions beiii^ equal, 
tlie stionjfer the acid or base. 

The aetion of an acnl or base consists in the fact that in a ^dven 
Traction hydioren ions (or hydroxyl ions) disappiair, c.//. in the 
solution of zinc in acid /n -j-2jr’ Zn"-[-T!2. wIktc it is a malter of 

tmlillcnmcc wlicllicr the anion is elilorine, suljihale ion, or any other. 

In like maniu-r th(“ nculralisatiiin of a base with an acid depimds 
upon the combination of hyilroxyl ions and hvdroren ions to form 
water: JIO' j-ll ICO, quitn apart from the (|uestion of what 
cations and anions are also ])resont. 

'I’lie stren^ftlj of an acid or base depends upon the aeid radicle 
(anion) or metal (eaf ion) which it contains. TTie. greater the inelina- 
^tion of thes(‘ .substances l<i form ions, tin‘ more ]>ronounced will bo 
the d(“rr«'e of dissociation of tin' mohmule in (pie.stions into ions. 

This influence is tlimcfore exprc.ssed in the dissociation capaiaty. 

Strong acids or bases have ^reat, and weak acids or bases slight 
ihssociation eajiaiaty. T'lie wi'akcr aii aei«l or base, tlic smaller is its 
dissociation constant. 

Soluble salts have almost without exception a jijreat di.ssoeiation 
cajKicity, and aecordinj^ly tlie more <liluto solid ions of salts are almost, 
invariably ionised to a ])rononnced extent. They therefore reduce 
the dissociation cajiacity of acids witli tlic same anion (or hnsca with 
tlie. same cation, sec p. 23 ) to an extent which increases with the 
decrease in the dissociation capacity (t.c. the strength) of the acid 
or base. ^ 

In this way, owing to the disappearance of bydro^n iorts and 
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the presence of iindisstx^iated a( i(l tnolecfales, the acid character of 
acetic acid is reduced to a iiiinimuiii wiiori sodium acetate is also 
pfesent, of whicli fa(-t csja'ciul use is fre(|ucully ina<le in analytical 
chemistry. The addition of a salt of aSveak a<^l to a sttong acid 
has tlie (iffcct of redinang its acid character, because the uii<lisso(dat(“(l 
molecule of t he weak acid tabes the jjiace of the hydrogen ions 
(Na--| ('JI:i(IO(y)-|-(n- |-CT)- (Na- I (T)-| t’Jl;,C()OII 

Acid solutions, i.c. those containing hydrogen ions and chanuder- 
ifled by a sour taste, arc also described as solutions which contain 
“ free ” achl (and in an analogous manner alkaline solutions are said 
to contain “Jrce'’ alkali). This mode of expression is a survival 
of the oldei mode of eoncepiion (j). footnoti'), in wliich arids and 
bases in comhinaiion in salts wen*, r<‘g;ird(‘d as cunstitiK'nts of those 
salts in eontra-distinciion to free ncids and bases. 

In this connection it may he lueniioned that the relativi; quantity 
of hyilrogen ions^ alTords a measure, of the strength, hut not of the 
amount of free acid. The latt<‘r is e(|iial to the sum of the di.ssociateil 
and undissociated acid molecuh's. 

If, for example, zinc is dissolved in acetic, A(‘id, tlie jiroci'ss. it is 
true, takes place only in accordance with tim (Mpiation : 

Zn I I'll - Zn +112 

(and indeed comparatively slowly since r<‘lativ(‘ly few It* ions are 
present), but the ocpiilibrium 

If’ll+lOOlil 

is upset by the removal of ][• ions. In ronsoipieiKa* of this new 
acetic acid molecules must continue to he decomposed until the 
o<[uilibrium is again restored. If an excess of zme is present this 
cannot take', [ilace, and the process continues until all acetic acid lias 
been consumed. 

In like inamior it is possible to remove the hydrogen ions, as c.//. 
by the addition of sodium hydroxide solution (wliidi contains 
hydroxyl ions to acetic aiud. This jirodiices water in accordance 
with the equation ]l’-l-il0'=il.j(). and a sodium acetate solution 
is formed, since the sodium au<l acetate ions remain in solution. 
If more sodium liydroxide is added than corresponds to the acetic 
acid present, tliero are no longer hydrogen ions to unite with all the 
hydroxyl ions, and the solution hceomes alkaline. 'I'lds process just 

^ That is to say, Uio number which wJiat fraolion of (lie liydrogen 

atoms ,'vplacoable by a inotaJ is present m llio eonclitiou of ions 
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(loscril)ed of the oc|nalisa\ion of tlio acid and alkaline charac^.cers of 
two solutions, i.v. the c-onihiiiation of all hydrogen ions (includin" 
tlidsc whii-h are slill in *;radual process of formation) of one solution 
all the liydrrtxvl ions of the. other solution is tinned nevtndisa^ 
him. The ])roJ'ess <-an be followed with the aid of indicators (See. 17 ), 
blue litmus jiaper Ihuiij^ iiinu'd roit by acids, au<l red litmus pajier 
blue by alkaline solutions. Solutions of neutral salts do not chanj^e 
the colour of eithei Kind of litimis ])a])cr. This Ix'liaviour towards 
su(-h indicators is also teriiKsl the “ rea(;tion " of the solution, which 
IS .s.ud to have uii acid, alkalimv or neutral reaction For further 
drtails. see Si'C 17 

, TIk' leaetion d(\sciil)ed above of the combination of Ik and 
Oir ions must also, in aicordance with the law outlined on y 12 , 

I hat lundamentally all the nau tioiis are reversible, procixal (if only 
to a sie^iit eKlent) in the direction of a di'.coinposition of tlie water 
moK'iaiie into li \ <1 romm and Inoliowl ions Tt, has in fact been ju’oved 
that a very small aimuinl of both ions is present in water. 

Tins reinh'is tin* n‘lafmnships in the ease of salt .solutions still 
mine eomiilK ated, for it is not onlv a (piestion of the eipiilibrinm 

[Met.al uml.lAcid radicle! 

ISaltl ■ • • • a) 

in which for a solution in whi<‘h no live acid or base is ]irosent 
[ \b“ial ionj |a( id radicle] invariably, but owing to the presence of 
the hydrognn ami liydrox}’! ions tJn'ri* are also tin* iollowing con¬ 
ditions of (*(pnbbiiiim to be taken into (‘onsidcration - 


|ll|[ 0 !T| 

|H,OJ 


A'(ILO) 


(^) 


and 


Illydrogon lonl |acid radiclcj 
[acid 1 


=K, 


jlfydroxyl ion] [Metal ion] 

[Hydroxide] " ' 


w 


If Aj :inrl A'„ .irfi of ii|>|iroximately pqiial nuipniliido, tlip result 
" lieu both .'ire larep (as wlicii it is a i(U<>Bl.ion (if tlip salt of a stroii)» 
and and a strong base) is that tho tendency of the ![■ or OH' ions 
in t ho water to combine with tlio acid radiede or metal ion to form 
undissociated acid or hydroxide is so sliglit, that neither H- nor OH' 
ions are utilised to any apprecialile extent; when botli are smidl, an 
appioxiniately eijual ipiaiitity of H* dnd OH' ions is useil In 
iieitlier of these eases does any alteration of tlie reaction occur when 
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the saPe in question is added to the vvatei'^ Jiiit if A', and Ky are 
materially different, i.c. If flir salt ( (msists of an anion of a weak acid 
an(Fa cation of a stronj;ly ha.sn- cliaracter (or vm- rcrsa), the reaction 
is consideralily infiinnieed. The J[- ions drieinatir^^ from the water 
have, for exa]n])lo. a e<)nsid(!ralil<! tondeney to miitc* with tlie anion 
of a weak arid, the a('id rndicle*^and the correspondin}' ({uantity of 
hvdro^en ion disa])pear from the solution, and nndissociated acid 
is jirodiH^Js! {e<jiiation ^>). Ovvjn^ to the consumption of H’ ions 
the course of the equation 2 is sueli that it results in the formation 
in the solution of (^onsideralde (piantities of liydroxyl as anions, 
w)ii(‘li in acrordanci' with O(|ualion I (“liter into equilihnum witli the 
metal ions ))re*ent. The solution heconii's alkaline In like manner, 
the solutioii of a salt wliieli contains the anion of a stroll^ acid 
associated with a \v<‘ak hnsie cation will show an ac.id rcacticui. 

SiiU'O this process may lx* 7(\i;arded as a. decomposition of the 
neutral salt hy water into livdroxidi* and acid (the stronger portion 
of wliicli is dissoiaated into ions, whilst ilie wcakt“r remaiiLs practically 
undissoeiatisl) it is ti'rmed h}diolysis. 

Apart from liydrolysis, tlicrc is also a certain d(“gn“(“ of dissi^ciation 
of the .salt into its ions. Thus wlien aluminimn chloride is dissolved 
in wat-er it is dissociated, on the on(‘ hand, in acc(»rdanc.e with tln^ 
Cijuation AltTj - A!’ " | .'UT, whilst on tin' other hand, hydrolysis 
takes ])lac(' in accordaiu’c w'ltli the <‘(|uation 

Alcly I ;UM) Ai((Hi):i-i ;i(r [-all- 

In all cas(‘s in which the solut ion of a neutral salt., as defined on 
p. 7 (in which tluirehu'C acid radicle valencic's corre.sjioud to all the 
valencies of the metal cations, and ?vcc ccr.sv/), sliow.s an acid or 
alkaline reaction, hydrolysis has taken jdacc. Thus the neutral 
(normal) Na;{l*(),j gives an alkaline ivactlon, and even tli(‘ mono acid 
disodiuni hvdrogcn ph((sj)liafe. IlNa^l’tf]. is alkaline in its ri'action, 
at all events towards litmus 


Separation from Solution. 

The separation of a. suhstan(“(‘ from a solution, i.c. the decom¬ 
position of a single jili.is(‘ into several, is the op[)osite process to its 
solution. 

Such siqiaration imiv 1 k^ brought about in the first ])lace hy a 
change of temperature and ])ressur(‘. This may cause, on the om^ 
hand, a dissolved snbstanct* to he transformed from a Hipiid into a 
gjiscotLS or v^poI'ous ]ilia.'^e, so t hat a gas or a readily volatile .substance 
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rsiiipos. w}iil<! (lie solv<M?t remains unaltered; on the ether hand, 
(oelinj; or paitial ('vaporatioii of tin' solvent may increase ^the 
I oneeiitra(ion :il)Ove the saturation ])oint, so that a solid substance 
si'parates in crystals, or the solvent may evi'iitiially comphdelv 
(■\aj)orat<‘ andMie dissolved subsfanyi' be h'ft as a solid residue All 
ihrsi; tr.insformations of the ])roe<'ss of solution eorresjiond to the 
Minple. so called physical solution So lar as they havi; a bearing on 
(jualilaf ive analysis they are described in <-(mn(‘e-tion \\ith the nn'tlnMls 
ol (‘vaporation, distillation, and crystallisation d’lie (dianj^e into 
.M'Veral phases may, however, Ix' also associated wiili a eliomieal 
process \\]ii< li alleets tin* dissolvt'd subst.uiee, ainl (auses portions of 
il„to separate as a. sola! body or to escape as a ^as:''or it may be 
asso< ialed wit li a cliany^' of a sulximt {r if the addition of aleoliol to a 
pure .iniicoiis sobituiii) wliicli <anses the dissoKi'd substance to 
separate, imehan^ed In so f.ir as these last two c.ises arc' eoncerned 
with tin' s('|)aration ol solid snbst-ancc's. uc; speak of jiH'cif)ttul idu, 
winch IS dc'senbi'd in See For anal\ tic al chemistrv tins is o| far 
iiieatcr importainc than tlie sc’p.iratioii of ^ascs {.Sc'i-. bS) or of 
Ii([nids fiom solution. 

Si:c- 1. 

2. Crystallisation. 

('rvstallisa,t ion m ucncial is (In' tliaii^c' of a siihslaine fioiti lln* 
^^.iscoiis Inpii,! (tused or dissolved) or e\en from the ainoiphous 
("iidition into that of eivstals 

Crystals are solid hodies with a rci;ular uniform ai lan^c'incnt. of 
the atoms tliron;.',hout tie' whole siibst.nicc' 

The result of tills livc-il jn.vtaposition of Ihc' smallest jtaitidcs 
IS licet only a rc'milar external limitation lev Hat surfaces, the 
'•di'i'S and c-cermus of which int'-rscct at licliiiilc aii;^ics, but aisce 
a ch'limti' svmnu'liy, c'har.ictciisln^ of the siibstancte in tjinslion 
m respect ol all the' jerojeerties whic h can be aHcc fed In a dilb'icnec'. 
of dircitKeii (hardnc'ss, fran^ibility, c'lasticitv. power of c-xpansioii 
when lic-ated. lic'ut ecendnetivity, jeower of rofrat lino heht, etc ) 

eSolids wliicHi in extc'rnal form ancl symmetry ol properties sliow 
none of the ivi^ularity e.haraeteristic of the substance! are tc'rmcal 
(unorphous (foriiilc'ss). They correspond in all resj)ec;ts to Jlnids, 
but are distincuishiMl from them hv the i'a(;t that their inner friction 
IS so on‘at tliat the- particles c an me longer ])ass one another. 

I^y cTvstalhs.it ion III the nariowc!!'sc'iise is usuallv understood thc! 
prc'jearation of crystals hum solutions, liy supersatiirulin'g a solution 
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either by cooling or by evajxjrating pari of the solvt'nfc (or by both 
Himultaneously), and so causing so])iirati(m jn ( rvstalline form. I’he 
more slowly the cooling and evaporaiion ])roceed, the slower is the 
growth of the crystals, )ml the larger and finer they are when 
formed. 

Crystallisation does not uievifaldy occur when a saturated solution 
is cooled Ixdow its saturation ttunperatiire. jSii<-.h solutions are 
termed suh-(;ooled or supersaturated. An external impulse, the 
most eertaiii means l)eing eorita<-t with a ervstal of tlie dissolved 
suhstanee, is reipiiied to .start the separation of crystals. 

For analytical purpos«‘s (r\stallisation by itself is of little iin- 
]»ortance, sinJ’e, as a m.iltm- of fact, it ticvti* causes a complqtc 
sejiaration of the sul)stance m i[iicslion from its solution, and so 
does not cllVct a (jiiantitative si'paratuui of the substance from the 
solvent or from (d her siil)stanccs m I he .solution.^ 

On till' other li.uid, IIk' properlii's of cnstals. as shown both in 
theiroxternal formaiid. in puitu ular. in tlu'iropl ical behaviour, wliieh 
can he observed liv m<‘ans ol a polarisation a])piiratiis (or polarisation 
microscope) ate capable of giving material assistance in the identifiiai- 
tion of Hiib.staiues ('i vsl-allisation can also be n.sed in the jirepara- 
tion of pun* substanci's, v <■ in fri'eing tJu-m fiom impurities. For this 
})ur|)Ose the sub.staiHa* is dis.solvial in the smallest jmssihle (juantitv of 
waiter, and a new <‘rvs(ailisation promoted hv cooling or evaporation. 
The impurities then rmnain di.ssolveil in, the roshlual liquid (the 
mother h((Uor). This met hod of rccrystallisation is es[)ecially used 
for organic compoun<ls. tin* process heiiig repeated iinlil on removed 
reerystallisatbui the suhstanee shows no further change in its 
])roperti(‘s (r// its iiudlmg jiuiiit). d'hc determination of tin* pro- 
jicrties (c//. thi' midting point, .see See to) of sucli purified civstals 
may he iisisl for the ideutitu ation of tlu' substance in ((iic.stion. 

To obtain W(‘ll-formed crystals from small t|uanliltes of lujiiid 
the solution is allowed to evaporate la the air. juideinblv, m the 
case of aqueous solutions. Ixmealh a hell jar, under which there is 
also an open vessel half tilled with strong suljiliuric acid. A lens 
or a miseroscope is used for the mon' accurate observation of crystals. 
(Sec Sec. '2',).) 

» It i.s of coiii-so i>Obsil)]o lo .separate by erystallisat loii (lie bulk of .'substances 
which are present in very great qiiaiifily, and so to faeitilate the detection of the 
substances still I<'ft in tlie lesidual solution (llio mother liquor), m c.tj. in the 
detection of small amounts of i ae alkali inotuks in bodium cliloude solutions. 
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8i'X'. 5. 

3. Precipitation, 

The prci^ipitation of a sutstancc is its sc 2 )aruti()n from a solution 
■it her III coNsri/iu-tur of <(n alftoation. o^'the solvent {e.<j, Ur* separation 
-f calduni sulphate from lujucous solution b}' the addition of 
ihnhol) or, as is nioie frecpiently the case, as tlic result of a chemieal 
tuel/on in the solution, whereby a nc,w’ substance which dissolves 
Mill <lil)i< iilty m till' Injui'l is produced. 

The ^uljsl.ince wlin li thus separates and usually sinks to the 
Kittoni IS termed a pieei fotute. 

DilTerent kinds of chenneal iea<'tions may cause th'ih elTect. In 
ar the lai^(‘st nmnber of cases they consist in a transformation of 
iiolecuh's caused by im.\in^ tw'o solutions, i.e tlie ions previously 
II solution comldne, to form insoluble substances as, for exam|>h', 
VeNd.j 1 NaCI A-('l I NaNtti. or A-(’!. Whilst in this 

•.i.-'C sodium iiitiatc. oi sodium and nitrate ions, leinain in solution, 
lieii‘ may also he casi's m wliu h (when the substaiiecs are pn'sent in 
-olution m eipiivaleiit quantities) everythin^ separates, as ejj. when 
"hitions ol barium snlpliide and zine sulphate intiTaet, for the 
e.'iiltin^ eonipounds aie then botli insoluble 

lhi8 I Zn»S04 

I'hcie is here a simultaneous completion of Imtli ion reaid-ions : 
da I Sttj" JtaSOi ami Zn '-{ S''- ZnS. 

The precijut al ion reactions also include those in wliich a solid 
uiistariiM' is dissolved, and another is preeijutated in its place If 
in iron lod is immersed in a soiutioii of coppe.r sulphate, cojijicr 
eparati's and iron is dissolved: he-j (,‘uSttj-(‘u j Ke.SU 4 , or 
'''■ ! (!it ■ :lAv [-(hi 

The, latter fonnula shows Hint it is here a cpiestion of the dis- 
har^in^ of the eiifuic mn. since the iron originally present in elemeii- 
ary form replaci's it in solution as a cation. 

This jiropcrty of iron is expressed In' saving that iron lias a greater 
olutiou teji^ion (a greater solution pressure*) than copper. The 
olution tensions for the change from the elementary to the mn 
midition are characteristically dilTerent m the case of different 
'letal.s, so that they can he arranged in an order of t(*nsion, in wliich 
‘He member invariably precipitates the followung from their solutions. 

1 he precifutating metal is always moie ’ electropositive than the 
'Cccipitatod metal. 
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ft an ion is not- roj)laco(l by aiiotheif but anion and (nation aro 
siinuitanoously disi-harj'cd, it is ])ossih!e to })rc( ipitat.c tin* n'luaiiuiei 
of the ions deprived of their electric cliarge, ])rovided tliat tfiey ar(^ 
insoluble. This liapjiens wlieii an electric ciirnukc is condiicied into 
a corresponding solution. Thus coppcT is precipitated by an electric; 
current, and owing to tlie. witbdtawal of its charge 

Preeifiitations are also frequently hi'ought about by tin; introduc¬ 
tion of a gas into a Inpiid, as, for cnxanijtle, when lead sulphide is j)re- 
cipitated fromalead nitrate solution hy jiieatis of liydrogen suljihide. 
rh(N().,). J>hS [ L>l[N();t.orlM) ■ | II.S-ITS f^lf'. 

Ill contrast to tlie invarialily gradual ]jrucess of crystallisation, 
described irc.bc. previous section, llic cli.inge which brings about tin! 
}irec.i[>itation always takes plarc niore or less suddenly, at all events 
in the ca.s(' of iJie reciprocal action of two liquids mixed togc'tlier, 
and tlie separation of lh<* solid substance also as a rule takc's place, 
more or Jc'ss rapidl\. The ]Hdcess, howeV(‘r, is not always c,oniph‘tcd 
so rajiidly, as lo (“xclinh; the possihilit\ of the formation of a regular 
groujiihg of tfie atoms, with the ri'siilling production of iTystals. 
The appearance of the preeijntate t liercfoic varies according to t lie 
conditions mid(“r which it is jnodiicc'd, and a distinction is ilrawn 
lietween crystalline, llocc-ulent, ]in]v<‘i'ulent , caseous, and gelatinous 
jirecijiitates. If lli(‘ ipiantity ol the new compound in pioc.e.ss of 
formation exceeds b\' a not vcr\ considcrahh' amount that contaiiicil 
in the liquid at the s.iluiatioti point for the compound m qui'stion, 
only a siipi'csatiiratcd solution will at. liisl Ih* foinicd. In tins case 
the separation of the pri'cipitab' is accelcialcd by shaking and hy 
rubbing the: sides ot tlie vessel with a glass rod. 

If the precipitation takes plai i; lapidK , the snhstanci' ireijiientlv 
si'parates jiist in an amorplious condition, and tlum under cmlain 
conditions subsequentl\' i>ecoitu‘s crvst.alliiK' on standing 

The form of the piccipilate ih'pends, ot. the oiK'.hand. iijton the 
eoiu'eiitralioii and lcmp('r<iliii'i' of the .solution, i.c. iqion the inter¬ 
acting solutions, and, on llu' otlii'r liaml, iqion tiic nature of the 
separating sulistance. It is. thcrcfon\ frecjiiimtly jio.ssihlo to draw 
a eonciusion couceriung the separated substance from the ap])Carance 
oithe precipitate, its form and colour. I’recipitatiou may thus he 
used tor the ideiitilication of suhstaiices. and in such case^i is of value 
even when a comidete separatum of tin* siihstunce in question does 
not occur. 

A much more frequent-iiM! of [»r(“cipitatioii, however, is to separate 
subitaiieei. from oiu' anotiun*, hv converting one or more of several 
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substances in solut-iou together into a pro(;ipitatc whilst (Others 
remain in-solution, so tJiat then a mechanical separation of solid 
find dissolved substances may be clTected. To attain this end tfic 
precipitation mu.st4)e as conn)lete as possible. 

The only sul>8tan(-c.s suitable for this purjmae, therefore, are 
iich as are soluble with didicnlty (fnaotically insoluble), and the 
'onditions allcctiu^ the liquid from which preci[»itation is to ])e 
iiadc must be so adjusted that the relative insolubility is increased 
IS much as possible. For this reason as small a volume of the 
i<[md as possible is taken (especially in the ca.se of substances which 
irc s[)arin<j;iy soluble), and the temperature of the solution is, in most 
•uses. kej)t low. 'the solubility of a sub.^^tance in a liqi^id may also 
reduced by altering the solvent, c tj by the a<lditiuii oi*alcohol to 
in aqueous solulion of calcium sulphate. IMorcover. e.\[)<“rience has 
hown that in the case of the actual prccijiitation n'actions tlm relative 
iisolubility of tin'- precipitati' is increased when one of the two intir- 
ictiny substances is present in excess. Thus barium sulphate is 
•onsiderably more soluble in pure water than in water which still 
•oiitains in solution either sulphate ion or barium ion. Since, 
herefore, barium snl])liatc is always precipitated for the purpose 
if .se])arating either the barium ortho sulphate ion from solution, an 
‘.xcess of sulphate is used in the fir.st and of bariimi in tlie second case. 

This old empirical practice lias its (‘.\]>lanati(m m mass action, 
c. in the conditions of equilibrium between tlie ions and the imdis- 
cciateil ])art of the substance. 

As was ('xjilained on p. 23, the condition under whi<-h equilibrium 
'< attained in solid ions of salts is that the product of | Anion j / [Cation [ 
/v xfuiidissociated .salt]. 'I’he I'oncciitrat ion of t he undissociated 
flhsta nee must be constant in a solution which is in contact wd-li 
mdissolve.d portions of the sai^l sulistance, t c. saturated with it 
and in cases suitalilc far anaKtical ])rocii»itationH must he very 
mall). Hence the product [CatiorilyfAnion] the so-called .so/i/- 
'//dy/ product • -is also constant. In jirojiortion, then, as one factor 
f this ])roduct mcH'ases in tlie solution (through the addition of 
.\'(css of iirecijiitanl). the other factor must hecome smaller, and 
iiore eomplete separation of tin* ion in <[ue,stion he llicnd)}' attained, 
his influimce, of an excess of one of tlic two ions lieconv's more 
e<isive with the increase m soluhilitv of the ongitial suhstaii<<‘, so 

' If the precipilaU- lias tlic formula Catnm .Aniou as < i/. faylM),),, 
Ik’ solubility jiroituct must correspond to llio generni form of Iho law of musB 
ctiori: Lt^ation "]. [Anion "'t. aa e |(;a®|. I P(),']. • » 

3 
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thatn'n caflos where procipitates wJuVIi ciro rolativoly solul)lc aro 
formed, a correspondingly largo excess must ho added to produce 
arjjrecipitation, which, however, may then under certain conditions 
be nearly com]>lote. The sulphate ionf for exaixplo, can be almost 
quantitatively precipitated as ])onzidinc sulphate /notwithstanding 
the fact that the latter is by fto moans iusohihle), provided that an 
excess of about oO per cent, of the ])recipitant is used. 

Sometimes a precipitate rruiy also rodissolve in excess of the 
precipitant, owing to a new ehoinical redaction taking place between 
the two formation of a cojniil(‘x, j). !<>). 

In this way, too. the i)resence of a t liird substance, although not 
contributing to the primary reaction, may in/hience the final resull 
by entering into a fnrtlic.r reaction with one or otluT of tlie inter¬ 
acting substances, or with the ]ire(-i]>itate produca'd by them. 

Thus, for exainjdc, the addition of an nrnmonium salt influences 
or inhibits the j>recipitation of magncsiinti hydroxide by ammonia 
from the solution of a magnesiinu salt. 

The 0 (^curence of a }>rccipitate in the reaction 

Mf; 01 o-f 2 NTT 40 II-Mg( 01 I) 2 + 2 NJl 4 (H or Mg"-b 20 ir-Mg( 0 H )2 

depends upon the fact that so many Mg" and Oil' ions aro simultano* 
onsly present in the solution, that the solui)ility product | Mg"].[Olf I 2 
is exceeded. 

The presence of an ammonium salt-, liowever, checks the dissocia¬ 
tion of the ammonium hydroxide, and thus reduees the concentration 
in Oir ions, with the result that more Mg" ions can remain in solu¬ 
tion. and the ])rocipitation tlnis becomes loss oomjflete or does not 
take })Iace at all. Since, under any conditions, in tlic precipitation 
of a magnesium salt witli ammonia animouium ions are added to tlic 
liquid, only a ]>art of the magnesium can be procipitate<l as hydroxide. 

In like manner the presence of e.ff. hydrogen ions prevents the 
ae])aration of j^rccijtitatc's of weak acids. })y cheeking tlicir dissociation 
to such an extcuit that the solubility jjroduct is no longer reached. 

Thus potassium cliromate in acid solution does not precipitate, 
e.ff. strontium, i.c. ])reci()itated strontium ehromato, is soluble in 
acids, for (2K‘d (V()' 4 )-[ {;iU'+^(’r)-( 2 K:*+ 2 Cr)+n 2 Cr 04 . In this 
case the chromate ions are withdrawn. Should this take place to any 
considerable extent the solubility j>rodu(t [Sr"j.[Cr()" 4 j is no longer 
reached, and no precipitate can he ])roduced (see also See. 101). 

Even in cases wliere ^ direct rcj)rcHsion of the dissociation of tin* 
profipitapt (through the presence of an ion of the same character in 
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tlifi solution) oannol be asuumod, but in which the conipletcnafis of 
the ]irecipitation is influenced by tlie presence of a third substance 
(iw/ the precipitation of Itarium sulpliatc by salts of potassium,'■ 
sodium, calcium, or»niagnesiivn, or of calcium carbonate by the salts 
nl alkali metals,^etc,), it is necessary to assume, that the substance 
in question enters into a by-reaction with one of the substances taking 
|iiut, in the precipitation reaction, or with the substance to bo pre¬ 
cipitated (to form a double salt, complex or the like), so that the 
entire (piantities of the substances present are not available for the 
eqiiililirium equation |/v'|.(. f'l=A'- 

.Since the object, of ))rccipitation is the .sojiaration of the aub- 
stniices thrown out of solution, it is essential for the .suiisidiary pro- 
ccs.tba of decantation and tiltration, described in tiuf following 
sections, that the preeijiitate shall not he loo fine. Otherwise it remains 
siispeniled in the licpiid, and passes through the jiores of the filter 
(Sec, fi). In many cases this may bo obviated by slinking, and 
especially by allowing the precipitate to stand in a warm place. In 
the former ease there is a formation of larijcr Jloch through the 
eoale.scence of the smallest particles which attract each other, and 
ill the latter there is an increase in the crysUiUine. nuctens of'the 
precipitate. This is due to the, fact that the solubility of a substance 
in a liquid depends iqion the relative, area of its surface, and that the 
greater this area (i.i- the smaller its particles) the greater surface 
teii.siou does it possess. Hence when larger and smaller cry.stal,s 
of the substance are in contact with the solution, it is pos.sible for 
the latter to be. saturated as regards the larger crystals, but not 
coiniilctely a.s regards the smaller crystals. The result of this is 
that the very small [larticles di.s,solve, whilst the larger ones increase 
iti size. This process only takes jilace to a notable extent in the. 
case of very small crystals, which have a large surface in proportion 
to their size. 

Separation in the eoUoiilal condition is a form of separation, 
which under certain conditions occurs in ]ircc,ipitation reactions, 
without the formation of a true precipitate, and represents a still 
liner state of distribution of the solid substance in the liquid than 
the fiue.st precipitate (see. Sec. 9). Substances in this form of distri¬ 
bution do not subside, and cannot be separated by filtration. It is 
frequently possible, however, to cause such colloidal substances to 
sejiarate in the form of ordinary jirecipitatcs by introducing an 
electrolyte, into the solution. Thus, for cjiample, hydrogen sulphide 
does not produce a true precipitate in an aqueous solution cd arsenious 
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aci(l,T)ut causes the formation of arsenic tfisulphide in colloidal form. 
The liquid turns yellow, but remains clear. But if hydrochloric acid 
ia^hen added, a flocoulent precipitate is formed. A similar behaviour 
is shown by cupric ferrocyanide, whiclt in pure 'water remains dis¬ 
tributed in colloidal form, whilst in the presence of«a salt it forms a 
precipitate. As a general rule',' it is often possible to cause precipi¬ 
tates in a very fine state of division to separate in a flocoulent form 
by the addition of salts, so that they can be se|iarated from the liquid. 

It is also frequently pos.sible by api>Iying heat to ca\iae colloidal 
sub.stances to 8C])arate. Silicic, acid when liberated from silicates i.s 
always obtained in a colloidal form, in which it cannot be separated 
from the liqflid, so that it remains partly in (apparent) solution. 

Separation of Precipitate from Liquid. 

Two different procos.5cs arc used in analysis, according to the 
conditions, for the separation of a lii|uid from a solid .substance which 
is present in it, viz. Jiltnitmi mid drcmitalion. Both are siijipleraented 
by washing. 

Sec. 6. 

4. Filtration. 

In this operation the object mentioned above is attained by 
pouring the liquid, together with the ]>article3 contained in it, from 
which it is to be .separatcxl, on to a fine porou.s medium, as a rule on 
to unsized paper (filter paper, placed in a funnel), as this allows the 
liquid to drain through, wlulst the solid partides arc retained. 

The liquid which runs through is termed the filtrate, and the solid 
particles remaining on the filter )i.aper the (filtration) residue. ’ 

In order thfit the retemtion of the precipitate may be complete 
and the filtration rajiid (because finely divided gelatinous precipitates 
choke the filter pores), care should be taken that the precipitate is as 
granular or flocoulent as possible, and it is therefore advisable fo 
allow the precipitate to stand for sufficient time (sec p. 3.5), so as to 
cause the colloidal precipitate to coagulate (see pp. 35 and It). 

In the case of very fine jirecipitates whicb can easily pass through 
the filter paper, clear filtrates can often be obtained by placing one 
filter paper within another. In similar cases a clear filtrate can 
often be obtained by mixing filter-p.aper pulp with the liquid. 

Occa.sionally a precipitate )ias.se3 through the filter paper at the 
begmning'of filtration, but after a while particles of the precipitate 
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lill U1> the filter pores, and llius form a more compact filtering medium, 

Ml tliat a clear filtrate is obtained. The first turbid filtrate i.s ij;- 
peatedly poured ovfr the lillej, and thi.s results in a quite clear liquid. 
It is occa-sionally necessary to repeat this proces.s several times before 
the filtrate is clear. • 

Warm liquids can be tillered more quickly than cold one.s. It is, 
therefore, preferable to filter the solutions while hot. 

With a few e.vceplions, the /kiihcZ .should be of glass (Sec. 21, 
h) The .sides should be smooth and at an angle of G0“, so that 
the filter jiaper can he evenly against them. Funnels with a long 
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comparatively narrow outlet tube ^ are mu^tt auitable for rapid 
jiltration. It is advisafile to iix tlicm in a Jillir stand, so that they 
heep in a rigid position. 

higs. 1 and 2 show suitable kinds of filter stands. Wooden o)i<‘s 
liavc the advantage that the acid vapours of the laboratory air do 
not alTcct them, hut in time tlic hasc is apt to be attacked by alkaline 
or acid liquids uuavoidably dropping on to it, so that the reeeptaclos 
for the filtrate no longer stand evenly on it. In addition, wooden 
i^tanda may warp. Iron stands are steadier, but rust easily, and 
therefore there is the danger of particles of rust from the upper part 
falling into the liquid undergoing hltratioi^ and either mixing with 
the precipitate or contaminating the filtrate liy dissolving in it. 

^ Zeitsek. aiiaL C'hetn., 44 , 117 . 
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This can to a certain extent he avoided by covering the stand with 
Mtuminous varnish, but tliis coating of varnish renders the adjust¬ 
ment-at different licights of the clanwi liolding-the funnels rather 
more difficult. Bra.ss rods are more resistant to ty]]C action of acid 
vapours, hut if they are attacked obviously involve the risk ol 
contaminating the iiltrate or precipitate by copper or zinc compounds. 
Oslwald 1 recommends the u.sc ol a ring open at one side, into which 
the tube of the funnel can be inserted sideways. This is handier and 
lessens the risk ol liejuid dropping on to the stand. In iron stands 
the ring is generally lined with porcelain or cork. 

The fillet papers are generally used smooth., but sometimes fluted. 
The. former are chosen when the solnl substance to be separated is 
rerpiircd for subsequent u.se, and the latter 
(which render a more rapid filtration pos¬ 
sible) when it is only a ijuestion of obtaining 
a clear filtrate. Smooth filter jiapers which 
are placed in the funnel in such a way that 
they he Hat against the sides, arc obtained 
by folding a circular piece of paper twice 
in such maimer that the folds arc at right 
angles. As, however, this means that one 
side of the paper consists of three thick¬ 
nesses, so-called 0 ]icn filter pajicrs, as shown 
in I'ig. 3, are recommended for many pur- 
lioses, (They can be bought ready cut.) 
Here « i.s folded over h, and the projecting 
1''“. 3. part c is wrapped over a.- It is easier to 

demonstrate than to describe the prepai’a- 
tion of fluted filter papers, which can be made in various wa)'.s 
and can also be bought ready made. If-tlie contents of the filter 
jiaper have to bo washed, the paper should not jiroject beyond the 
edge of the funnel, but should always be at least J cm. below it. In 
most cases it is advisable to moisten the smooth filter pajiers before 
use (and to insert them in such a way that the outlet tube of the 
funnel remains full of liquid), because not only can the filtration be 
carried out more quickly, but the substances to be filtered do not 
pass through the pores so easily. Paper which is chosen for filtration 
purposes should be as free as possible from inorganic substances, 
especially those wdiich tare dissolved by acids (iron or calcium com¬ 
pounds).. Bought filter papers seldom comply with these strict 
' Zeilsclu anal. Chan., 31,182. ’ Ibid., 36, 606. 
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rt’quircinents, and for ddicalv analysis it is essential tiiat the filtcjc^ 
pa[)ers be washed with acid and water. Papers washed witlx hydjo- 
fliutnc acid and h^nlroohloric aeid as well as the unwashed ones can 
i)e piiieliased ready for use. If it is desired to wasli the papers 
personally, the*aj)paratus sljowii in^Fi^;. 4 should bo used for the 
purpose. A is a llask with no bottom, containing two sheets of glass 
a and h, between which the ready cut and folded Jiltor papers are 
placed. A short glass tube d is litted into the cork c, and has a small 
rubber tube r attache<l to 
i(, which IS (dosed at tlnj 
bottom by moans of a 
sinnll glass rod or spring 
i lip. The llask is filled to 
above a witii a mixtuii* ol 
one part of hydroebloi h- 
and of 1 sj>. gr. and 
two parts of wader, and 
allowed to stand for 1 S 
iioiir.s.i 'I'lie acid is tlnm 
allowed to run oil by 
opening the clip on e. 

Alter closing the o|)ening 
again, the llask is tilled 
with elear well or tap 
water, wliieli is allowed to 
staiul for an hour beion; 
being run off, and tln^ 

♦washing with sueli water 
IS rcjicatcd until the hist 
washings show' no acid 
reaidion ; the* washing is 
continued with distilled water until a sample of tlu; liipiiil draining 
olT, mixed with a few drops of a solution of silver nitrate, no 
longer gives a turbidity. After washing, the papers arc placed 
lietwcen layers of lilotting-jiaper and dried on a ])orous medium at 
a gentle heat. If only a few filter papers are to be w'ashed, they 
should be laid within one another, as for filtration, in a funnel, 
sprinkled with moderately dilute hydrochloric acid or nitric a<;id, 
and after a while tlioroughlv washeil with tap water and finally with 

> Kilter paiiers oaBily become brittle if too atroiii^ neiil is used.^or il they ate 
allowed to remain too long in contact with the acid. 
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distilled water, A [(art front its [unity, tlic cliaracter of a good filter 
paper depends on tlie s])eed with whieli liquid can pass through it. 
and the inaiiner in which it retains suspended^ })recipitutes, even 
finely divided ones stieli as liariuni sufj»hate. calcium oxalate, etc 
If paper cannot he obtained ^vliiidi fuliils hotli re*quiremciits it is 
advisable to heep a su])[)ly of two kinds, a thick quality for tlie 
stqiaratiini of \’ei v line ])i(:ei])itates, and a more porous one for the 
purpose of a quick filtration of coarser [laiticles. l^or some time 
it lias been jiossible to obtain filter pa[)ers hardened by treatment 
with nitric acid, which, owing to their firmness, are excellent for 
filtration and are Init littii* attacked by alkaline hydroxide and acids. 

Filimli^n V'llh the aid of a auction apparalus is described in‘the 
introduction to quantitative analysis. 

With regard to the many suggest,ions fur uido'imlic filtering 
(ijiparalus with a continuous or intermittent waisliing of precipitates, 
referenee should bo m.ide to the Zrdsehrift far analglische Chcmir. 

Sec. 7. 

5. Decantation or Pouring o^. 

This o[ierat-ion is (dtmi used instead of filtration, when the solid 
particles are ol considerably greater specific gravity than tlic liquid 
from which they are to be se{)araied. They then subside more 
rajiidly and form a (hqiosit, so that the sujiernatant liquid can be 
eitli(‘r pouri'd olf by tilling the vessel or drawn off by means of a 
sipliou or ])ip(‘tte. In man}' eases decantation must be used instead 
of filtration in onler to free juocipitates eompletoly from the liquids 
in w'hicli tliey are contained. cs]>ecial]y when a ju'ceijiitate is si,: 
gelatinous that it ra}>idly chokes the pores of tlie filter pajier wlien 
laid on it; as a matter of fact, in tliis case complete washing of 
the precipitate upon tlie filter would be fmpossiblc: Occasionally 
decantation and filtration are eoinbmed by leaving the precipitate 
as far as iios.siblo m the vessel iii wlueli it has subsided, but pouring 
the liquid through a liltcr in onier to render it completely clear. 

Sec. 8. 

6. Washing. 

If the object of filtration or decantation is to obtain a solhl 
substance iu a pure condition, that is to say its coni})lete separation 
from the solution from which it was [irecipitated, it must be freed 
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from the liquid adhering to it by repeated washing. This operation 
is termed washing. Washing by decantation consists simply in stirring 
the jirecipitatewit^i water or other fluid after thcliquid has been poured 
f)fl\ allowing it to settle, pouring it off again, and so on. For washing 
a preeipitate co*flceted on a filter a yashing bottle is used (Fig. 5). 

The illustration needs no cx})lanation. The tube pointing to 
the left is drawn out to a fine open point. If it is desired to make 
this tube movable, the shorter arm of the tubes should be cut 
through and the two parts connected together with rubber tubing. 
\W blowing into the U]>pcr tube a fine jet of water is forcibly driven 
out of the lower one ; this is especially snitabh; for washing precipi¬ 
tates Washing-bottles of tins de- 
seriptioii have the advantag(^ that 
they can be used for washing with 
hot wat<;r. In onliT to bold the 
bottle when filled witli hot water, tlie 
neck should be surrounded with cork 
or felt and this made firm by binding 
it witli cord, or it can bo bound, as 
sliowu m the illustration, with several 
lengths of cord only. 

As tlie success of an anal) t.ical 
ojtenition often depends on the jiroper 
washing of tlie preiapitates, eaie 
should be taken that all parts of the 
piccijutatc an; brought uniformly into 
contact with the washing liquid, and that the edge of the filter 
•l>aper not covered by jirccipitate is also washed. 

By ohsorving the following rub's the complete washing of a 
l)recipitate on the filter may be acceh'rated, and at the same time 
the (piantity of washing liquid required will be reduced to a minimum ; 
only add fresh washing liquid to the filter when the former quantity 
bus e.omplotely run off, and ulway.s fill the filter up to the up]>ci' edge 
of the pa])er. The jirecipitate should be broken up with tiu; jet of 
water coming from tlie washing-bottle, provided, of course, that tliere 
is no risk of the filtrate becoming turbid. 

In the case of gelatinous precipitates the washing liquid oltcn 
runs through so slowly that they cannot be washed on the filter. 
In such cases the precipitate is forced from the filter paper by means 
of the jet into a beaker or dish, is washed there by decantation, and 
only then placed on a filter paper again. 
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Washing should be continued until its object has been actually 
attained. This is, as a rule, only the case when the ])Tecipitate has 
been complelehj freed from the adhering li([uid. , 

Guesswork must not he relied on, and as a ]>roof, a Buitablc test 
must be applied to the lust wasjiings run oif. Jf the^substance to he 
removed by washing is solid and not volatile, it will generally sutlice 
if a drop of the washing liejuid is slowly evajiorated on a strij) of 
platinum foil; if it disappears entirely the objc’ct of the washing has 
been attained. In many cases a test ap[)lied to the final washings 
with a test paper or snitalilc reagent (silver nitrate) (]). 65) will prove 
whether a jirecipitatc has been thoroughly washed. 

Another method wliieh has lu'en suggested of determining whetlier 
the washing of a }»reei})itate is e,omj)let<‘ is to draw a deduction from 
the amount of washing litpiid used. ITesiiining that every time 
washing liquid is poured over the juecipitate, the Iluid still adhering 
to the precipitate is diluted to a certain extent, it is ('asy to rei’kon, 
taking into considi^ration the numher of times washing has taken 
place, how largo a proportion of the original filtrate can remain in 
the precipitate. It has been iiroposed, for exanqile, that washing 
continued until the dilution is ten thousandfold is invariably sulli- 
cient. This does not, however, meet all easi's, because the substances 
to be separated are not only pri'seiit m dissolved form lietween the 
particles of llie jireeipitati's, but also, according to the nature of the 
preci]>itato, adhere to its surface in varying quanl-ities owing to 
adsorption, so that they i-annot be as readily washed as the calculation 
shows. A dirccl. test Eufer and iJicrcforc ahvaijE to hr recommrvded. 

The size of the granules in tlie precijiitate is of importanec both 
as regards the quantity of the liipiid enclosiul between the particler 
of the precipitate, and also us ri'gards the quantity of substance 
which the surfaci* adsorbs (see ]). d5), and washing is easier the more 
coarsely granular are the precipitates. 

When the solubility of tlie precijiitatcs in the lifjuid from which 
they are separated is mati'riully different from their solubility in 
water or the washing liquid, or when the pvcci])itate changes into the 
colloidal suspension (p. 35 and Sec. 3) after removal of the solution, 
the filtrate will become turbid if it is mixed with the washing water. 

If there in the risk of this occurring it is advisable to collect the 
washing water se])arately in order to obtain a clear filtrate. 

In order to avoid the j^ossibility in such cases of a portion of the 
separated precipitate being washed away in this manner, suitable 
substances must be added to the washing water {r.g. ammonia for 



SEO. 9 DIALYSIS ..-•43 

• 

tlio wrtsbiiig of inagiKwium ammonium phosphate or a salt for the 
wasliing of oolloiilal precipitates). ^ 

Where poa.sihlc it is ai^visablc to wash with a hot liquid, both 
with the ohjeet of ohtaining more rapid fillration and for more 
coin]ilcte solution of the adsorbed svLb.stances. 

];iquids whieli do not mix with water will not flow through a 
filter paper moistened with water, and one can therefore separate 
them from aqueous solutions by this method, e.ij. carbon bisulphide 
or a solution of iodine in carbon bisulphide. 

Separation of Dissolved Substances from cme another. 

• 

For ih(‘. so|).‘uatioii of sulistainu's jnesont in solution or in pseudo- 
solution processes can also be used in wlnclj the sulist-ances retnain 
m the dissolved condition, but in which tiny arc obtained in separate 
solutions. J’rocesses which produce, this result are dialz/sis and 
slitikni;/ or cxlraction. 

Skc. 0. 

7. Dialysis. 

c<ill(i/(l(d cottdflion is. as was mentioned on ]). o.h, an mler- 
iiiediate sta;^c between true solution and the finest suspension, 
/c. there is still no visible hetoro^eiieity i)r(‘seut. hut the particles of 
the colloidal substance arc regularly lUstrihutcd througliout the liquid 
as in tlic case of a true solution. Bui compared with the ordinary 
molecules or ions tliey arc relatively large, so that altliougli tlioy arij 
not directly visible, yet tliey reflect, refract (or hmul) light, and by 
• this ])roducc certain ojitical elTects. in consequence of which colloidal 
solutions ayqiear coloured or turbid (opalescent). 

It is not possible, liowevcr, to draw a sharj) distinction between 
the finest suspension or emulsion and colloidal solution on the one 
hand, or between the latter and a true solution on tlie other. But 
in practice it is possible to fix the limits for the colloidal condition by 
the fact that tlie imlividual particles regularly distributed througlioiit 
the liquid vary in si/.e from a 10,00()th part of a millimoler (O’lju) and 
a millionth part of a milUmoter (1/i^). 

Barticlcs which arc gT(‘atcr arc retained by the paper filter and 
arc still visible under the microscope hut smaller j>articies a})[)roximate 
to molecules in size and are distinguished^from colloids by their power 
of diffusion described below. 

A colloidal distribution of a substance in a liquid {])seudo-solution) 
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is cafled “ eol ” in contra-distinction to tlic substance “ gel ” 
separated from such distribution by coagulation. 

It was mentioned on p. 35 that such a })rocipitation is in many 
cases caused by the addition of electrolytes. This process usually 
depends on the fact that the c^dloids are electrically charged (more 
frequently negatively than positively). AVhen (hey encounter ions 
oppositely cliarged they arc discharged and th(‘rehy precipitated. 
It has been found tliat the lilghor the valency of tire ions, ?.e. the 
more electrons to wiiich their charge corresponds the greater i.s their 
activity in this respect. 

Two opj)osit(dy charged colloids can also reciprocally discharge 
each other ijnd be precipitated. 

In the case of many colloids there i.s a combination of the sub¬ 
stance distributed through the liipiid with (die molecules of the latter 
(usually water) to form larger conii])lexes, wldcli on their part, in 
contra-distinction to the beliaviour of a true liquid, arc distributed 
between molecules of the substance. In such cases the ])i'ecijjitating 
action of many salts is due to the fact that it has a deliydrating 
action on these complexes. 

There is an essential diflerence between true solutions an<l 
colloidal “ pseudo-solutions ” with reganl to tlndr dillusion ca])acity, 
i.e, their power of penclraiimj into another Itu/er of lujiud with which 
their fluid particles can mix uniformly. Jn the case of true solutions 
the dissolved substance spreads uniformly into the solvent in accord¬ 
ance with the same laws as does a gas into an empty space, i.c. one 
containing another gas. If such a solution is coveri'd with a pure 
solvent, mutual mingling takes place (so-callcd difl’usion) until 
uniform mixture is obtained. The dissolved sulistancc is distributed- 
through the liquid in consequence of its osmotic pressure (the reciprocal 
power of attraction between it and the solvent). 

Colloidal substances diffuse either not at all or onhj io a very shtjht 
extent mto liquids. Here, too, there is a gradual transition, since 
simultaneously with the growth in the size of tlic particles, there is 
an increase in the forces which counteract the tendency towards a 
homogeneous distribution in the liquid. (Friction, separation 
due to specific gravity, reciprocal attraction of homogeneous 
masses, etc.) 

The diflerence is shown still more clearly in the case of diffusion 
through porous diaphragm^, such as the membrane of an animal 
bladder, parchment paper, etc., than in free diffusion. Such 
“ porous diaphragms have such fine openings that liquids can 
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penetrate into fcliem, but^jontrary to wliat happens in the cise of 
filter pajtors, do not pass through them into the air, but can only 
n'Hjjorate. If, however, such a porous inombrano is interposihd 
between two liquMs \vIncli‘»oan moisten it, both of these liquids 
penetrate to th%other side of the molecule and hack again, so that 
a reei])rocal Dow takes place in boPh directions, although with a 
(Iilh-rent velocity.i 

fn tlic case of true solutions the molecules of the dissolved 
siili.stanee pass, together with those of the solvent, through the dividing 
tiieinlwanc, whereas tlie largo particles of a substance distributed in 
(fdhndal form through the liquid cannot penetrate through the fine, 
rtpi'nings of the mem]>rane, but remain on one side of it* 

This difference was first observed by Graham, wlio used it as a 
of separating su])stanccs in colloidal solution from those in 
t'lio solution, and termed the melhod “ d/a/ys/.s.” 

Since substances present in true solution are obt.lined as crystals 
on i'\aporalmg the solvent, Graliam termed the substances passing 
fiiioimh a. porous membrane r/y.v/t/Z/o/r/.'?, to distinguish them from the 
ol/oxfs left b(‘hind. 

Tlie piimary distinction drawn hy Graham between particular 
suhsianocs eaimot be maintained in its entirety, since, ns a matter 
of IjkT, all substances can bo disintegrated into th<^ colloidal con¬ 
dition In jiractieo, however, it is ]ios.siblo to distinguish botwoen 
the substances which rea<lily form true solutions, and those which 
almost invariably form only colloidal pseudo-solution. For the 
separation of these two kinds of substances dialysis i.s an exceedingly 
Useful mi'thod. 

^ Crystalloids in tluB sense include, c.y. sugar, salts, and alkaloids ; 

' Tliu.s puro water (.lifTti.scd more rapidly into salt solution than t'ice vcr.sa. 

“ Just as, spe.aking broadly, there is no sharp distinction between tin" 
siis[)cusion, colloidal conilitvm, and true solution, ho too the sarno remark 
applies to theretchtion of sm-li substances by porous media. Filter papers retain 
true precipitates, very thick iiapera keep back very lino suspensions, whilst 
porous membranes will prevent the passage of colloids (winch pass throiigli a 
lilter) but allow Hubstances really in solution to j>ass. But even thoso last 
may be ke])t back by certain (semi-porous) mombranes, which are still per¬ 
meable by solvents. iSemi-porous membranes of this typo aro formed, e.y. by 
the membranous precipitates of eupne ferrocyanide. Owing to such a dividing 
tilm between a solution of sugar and pure water, the latter can penetrate into 
♦ lie sugar solution, which, however, eannot ditfusc into the water. If the 
liquids were originally at tlie same level on Loth sides of a dividing membrane, 
a ditTorenco of level (i c. of presaure) results. The process continues until the 
excess of pre.ssurc on the aide of the sugar solution is equal to the osmotic pressure 
ot the latter, t e. until the (M|uilibnum is rcaohed*between the attraction of the 
^UL'iir for tlie water (whicli caiiaea a dilution of the sugar solution) and the excess 
of pressure wliieh opposes the intlux of the water. 
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wliilsf? examples of colloids are, e.fj. glue, india-rub})or, dextrin, 
enamel, tannin, albumin, extractive substances, silicic acid, etc. A 
Buyable a])paratus for dialysis is that shown in Figs. 6 and 7. In 
Fig. 6 the liquid to be dialy.sed is plao^d in the* open bell-shaped 

glass vessel, over the 
bottom ’ of which a 
jjarchnicnt paper has 
been tied,whilst in Fig. 
7 it is introduced into 
the ring, the bottom 
of which is also com¬ 
posed of parchment 
])aj)ei’. Tills ring is 
made of wood, or 
better,of gutta-percha. 
The. diameter of the 
parchment ])a])cr with 
which the bell or ring 
is covered must ex¬ 
ceed tliat of the. bell 
or ring by about 10 
crn.; it is moistened 
when drawn over the 
opmiing and secured 
by string or elastic 
iiands, but must not 
be si retched absolutely 
tightly. The parch- 
immt paper must bh 
free from any places 
which would allow 
lapiid to pass when 
moistened on one side 
only ; this is tested by 
7 , placing pure water on 

the upper surface and 

observing whether moivst spots appi'nr on the underside. If faults 
are found they must bo remedied by ap])lying liquid albumin, 
coagulating it by heat. When the dialyser has been proved to be 
trustworthy it is charged«with the material under examination. If 
the latter, is quite fluid, the Ixfll apparatus may be used, but if it 
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ilsi) contains solid snbstaAco the ring apparatus is preferable. ' Care 
iiiu.sl lje taken that the height of the liquid in the dialyser docs not 
■ vi ced 1 .0 cm., and then the memhranc should he slightly immersed 
ill the water in thh outer vc«sel, the, quantity of which should be at 
cast four times gs great as that of the liquid to be dialysed. For this 
lurpose the hell is suspended in a suitable manner, as shown in the 
ligiire, whilst the ring is simply allowed to flo.at on the water. After 
2t hours half to three-quarters of the cry.stalloid substances will 
have passed into the outer w.ater, whilst the colloidal substances 
have remained in the dialyser ; only traces, at mo.st, of the colloids 
will hare, simultaneously ditt’n.sed into the e.vterior liquid. By 
ii'licatcdly bringing the dialyser into contact with frdsh quantities 
of water it is po.ssilile eventually to separate the wdiole’of the cry- 
slalloid sulistanees from the colloidal substances. When only the 
colloidal jiortion is reipiirod the use of parchment tliiinbhis (which 
can he purchased) is a very rapid method of elTecting the .separation. 
The liquid is introduced into this capsule, which is then suspended 
III a ve.s.se.l through which flows a constant stream of water. Dialysis 
may frequently be of great use in forensic chemical investigations 
(see Sec, 201).’ 

Si':i'. 10. 


8. Extraction by Shaking and Continuous Extraction. 


In order to .si‘|)arate .several substances which are 
111 .solution together, or to extract a dissolved sub¬ 
stance from its solution, a process mav be iisei! in 
H Inch the solution is intermingled with other solvents, 
111 which it is insoluble nr only sparingly soluble, but 
which has a greater soK'Oiit action than the first 
solvent U|ion the .substance. When the mixture of 
the two solvents whioh have been brought into 
intimate contact, usually hy shaking, is allowed to 
stand, it separates into two lavers, which can be 
separated from one another. In practice this is 
usuallv effected by means of a separating funnel, 

I-V'.«. 

As a rule a relatively readily volatile solvent is 
used for the “ shaking out ” process, so that when 
it is eva|)orated the substance extracted from tlie 
first solution may be obtained. • 



I'To. 8. 


Tbe extraction of the .substance in question from the f/rst solution 
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is usually incomplete, but as tljc result of the shaking there is pro* 
duccd a condition of equilibrium in the sense that the concentration 
of the substance to Ije extracted from the first solvent stands towards 
its concentration in tlic second solution in a relationship which is 
a constant for the substance in fpiestion and the two-solvents. This 

constant is termed the 
dislribulion coefficient, 
and under normal 
conditions is equal to 
the ratio of the solu¬ 
bilities of the two sub¬ 
stances in the respec¬ 
tive solvents. If, for 
examjtle, a single shak- 
itig of an aqueous so¬ 
lution with a definite 
amount of ether trans- 
Co 



Fkj. U. 



into (lie ethereal solu¬ 
tion, a secoiul shaking 
of the s('parated aqu¬ 
eous layer with the 
same quantity of ether 
will again remove -J of 
the substance remain¬ 
ing in solution, leaving 
still dissolved in the 
watf'r ; whilst a third 
sliaking will then leave 
only “ of the original 
substance behind. In 
tliis way it is possible, 
to reach a ])oint where the residue is 


as in the case of wasliing 
practically ecjual to 7iil. 

In cases where the distrihiition coefficient is uidavourable the 


result may only be attained by long-continued repetition of the 
process. In some cases, thendorc, it is advisable to use a process of 
continuous extraction instead of shaking. 

An extraction apparatus for liquids devised by II. Schwartz ^ is 
shown in Fig. 9. The solvent is heated to the boiling point in the 
^ Zcilach. oval. Chan., 23, 3C8. 
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lioilirig lliJsk A. The vapfturs aro conducted through tlic tubfl, the 
lowtT end of wliich terminates just below the corlc, into 1), wlionco 
they j)ass into a reilux condenser (only the lower end of which*is 
shown in tln^ liguref, and the <^ndonsed liquid falls back into 1). From 
I he lower end o&thc thistle funnel D it is delivered into tlie flask B 
conlaining the liquid to be extracted, fiscs drop by drop to tlie sur{a<’e 
and, churged with the extracted substance, flows back into A tlirough 
ilie side tubiilurc in the neck of B. Cj and Co are mercury seals. 

Kig. 10 rcqiresents a universal extraction apparatus devised by 
(hidanierd The liihe a is connected Nvitli the boiling flask, whilst 
l!i(‘ rcllux condenser is attached to the tube at h. The condensed 
li.juid falls througli c and d to tlie iow<‘r end of the Spiral tube <■ 
(oiilaining the l!((uid (u be <“xtractiHl, tlirough which it p^rcolat<‘S jn 
ii long column. At the lieginniiig of the (extraction the tap / is cloS(‘d, 
and mercury mtro(iuc(‘<l tlirough c until it r(\ichcs the opening from 
(/ into c, so raising the level of the li([iiid to he extracted above this 
()[K'niJig. Jf solvents are to be used wliicli are lieavier than the 
liquid to he extracted (c.//. chlorotorm) tin; ap])uratus is reversed, a 
I losed with a sto])por, h coniu'cti'd with the boiling flask, and g w’ifh 
Uie cun'lenser. For details of the construction of otlior types of 
extraction appaniliis refercMicc may be made to the sections on tin; 
Mihje(;t ill tlie ZiiUchifl fur anahjlische c.g. 41, C91 ct .scq. 

I'aftliod's apparatus, for (‘xanqilf', is ijaiiicularly effective.2 

It is unne<a;ssary to (h‘al more fully here witli the extraction of 
solid substances, which is of inipovtancc in (piantitativc analysis, 
it is described in the int roduction to quantitative analysis. 

Separation of Volatile from Non-volatile Substances. 

The processes used for tlie separation of volatile sulistancos from 
iho.se which arc noii-volatilo or only slightly volatile are trdjjoralKHi, 
(hshll(U)<»i^ and mbliniatum. The first two are always 

ceiiccnied with Inpiids, and the olliers with solid substances. 


Hec. 11 . 

9. Evaporation. 

TTiis process is one of those most freipiontly used in analytical 
chemistry. 

It is invariably clioseii when it is desired to evaporate completely 

' Aiddv. d. Phurm., 237, 08 ; Zcilsch. anal. Chem., 41, 603. ^ 

“ Zdlsch. Vntersuch. Nahr. Oenus^m., 6, 1049 ; Zcitsch. anal. Cliem., 42, 127. 

4 
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or partially a volatile liquid, the eseapiAg vapour from which it is 
not of importance to recover. 

' For example, liquids, such as the washin};.s from a precipitate, 
arc evaporated to ascertain whether tlfty contaiit in solution soluble 
non-volatile suhstauccs ; or the solvent is completely expelled from 
solutions, when it is a quc-stion Sf ohtaininf; the di.ssolvcd substances i 
in solid or liquid form ; or only a part of the solvent is evaporated 
when the concentration of a solution is required (f., 7 . for the 
crystallisation of a dissolved substance). 

It is also a common practice to remove volatile substances {c.i;. 
carbon dioxide, ammonia, hydrogen chloride) from aqueous solutions, 
by the simultaneous evaporation of ])art of the water (which is sub- 
sequently'rejilaced when it is desired to keep the concentration the 
same in other resjicets). 

Evaporation consists, ns its name indicates, in the conversion ol 
the liquid into vapour. In the majority of cases this is elfected by 
heating, cither to boiling point or even to a temjjc.raturc below the 
boiling point. 

Exposure to the air or in a closed vessel from which the vaj>oiir,s 
arc continually removed (c.j. by suction or by absorbent substances) 
may also bo used for evaporating liquids. Even if heat is not used 
for the purpose the jjrocess is known as evaporation. Agents used 
for the absorption of the vapour formed on evaporating aqueous 
solutions include concentrated sulphuric acid, calcium chloride, 
phosphorus jientoxidc, etc. 

Evaporation by heat is usually carried out either in basins of 
porcelain or platinum, or (when it is only a (juestion of increasing the; 
concentration) in glass vessels, es[)ccially boiling flasks, and unless 
there arc rcasoms against it, the liquid is jjreferably heated to i(s 
boiling point. When boiling flasks arc used the removal of the vapour 
may be accelerated by blowing a current' of air through the vessel 
or by suction. A .suitable current of air may be produced by using 
a retort with its neck inclined upwards and its tubulure open. 

If in the use of basins for a long-continued evaporation there is 
a risk of the contents becoming contaminated by falling dust, etc., 
the basins should be covered over, but in such a manner that a space 
is left for the escape of vapour. A large glass funnel, which may be 
fixed in an inverted position over the basin by means of a clamp, is 
suitable for this purpose. It is fixed at an angle so that drops of 
liquid condensing on its* side can drop from its lowest point into a 
* This is teniu'tl ovaiwralioii to dryness. 
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vessol placed l)encatli it. Still better results are obtained by tbe*u.sc o£ 
I'ictor .Mever's protective funnel, which has its edges turned inwards, 
us .shown in Fig. 11. * 

Instead of a fdnnel a glass plate or clock glass may be fixed in 
.in inclined position over the, ba.sin by means of a elani)). Larger 
basins may be covered by washei?! filter paper, which may bo 
si retched across a doubh; wooden hoop. This is clamjjod in a stand. 

This jirecaution of covei’ing the ba.sin is only essential in the case 
1.1 the most accurate work ; it can usually be <li.spen.sed with if the 
evaporation is carried out in a dust-free place, preferably with the 
aid of suction, and in not too long a time. 

(!as-burncrs arc nearly always used for heating, il direct flame 
being applied beneath dishes, whilst wire gauze is plactid between 
flu; flame and boiling flasks; if a more 
rcgiilatcil heat is required as, for example, 
in the case of evaporation to dryne.ss, re¬ 
course is had to water-baths, sand-baths, or 
iron or asbestos plates, wliiidi are heated 
with gas. Electrically heated plates, which 
can readily be maintained at constant fem- 
]ieratiire, arc particularly suitable for this 
jiiirpose. Further particulars are given m 
fiec. 1!) (Ifealing ajipuratus). If it is a 
i|iiestion of evaporation to remove inflain- 
iiiable organic solvents, such as alcohol, Fio. 11. 

ether, petroleum spirit, or carbon bisiiliihide, 

care must be taken that the vajiours are not ignited by the heating 
Jliimo. In such cases electrically-heateil plates or a water-bath with 
a small flame arc used, or simply a vessel filled with hot water in 
which is immersed the flask containing the solution to be evaptirated. 
It is advisable, not merely to evaporate very volatile substaiii'es, but 
also to distil them from a slightly heated water-bath (bee. fj), 
and to close the receiver wit h a stopper through which passes a tube 
eonimiinicating with the air outside. 

If the temperature should exceed lOO^' in the course of evapma- 
tion to dryness, spirting may easily occur through the formation 
of steam in the partially solidified residue. This may be prevented 
by stirring the mass with a glass rod. 

^ To prevent tlic vapours, especially when ^liey are acid, from disaoiving 
from the paper coinpuuntls of iron, caleiuu), etc., wliich might tlien drop into 
the iKpinf. * 
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1*0 prev(’nt the tenipcralurc exceeding* 100^ water'l)atlis arc used. 
Fig. 12 represents a simple form of wafcer-l)at.h, and Fig. 113 a form in 
wliich the water is always kcijit at ji eonstant level by means of tlic 
connection witli tlio water su])]>ly a, at^l an overflow pipe b. 

Waier-batlis .ve ])rovi(led wiili 
a series of (' 0 p]>er or, better, jcorcc;- 
lam rings fitting into each other, 
so that the ojiening can be made 
wider or narrower according to the 
circumference of the vessel to be 
heated. 

A drawback in connection with 
evaporation is tliat porcelain dishes 
and glass vessels, the use of which 
can hardly be avoided in Uk; 
evaporation of large (juantities ol 
li(juids, an; somi'what attacked, so 
that the liquid in (juestion becomes 
more or h'ss eontariiinated, and 
this interferes with more aiaairate, 
analysis. We mention tliis point, 
which will lie dealt with more fully 
in eonni;ction with quantitative 
analysis, only to call attention to 
the fact that alkaline liquids sliould not lie evaj)orated in glass 
vessels, for at flie, boiling point they attack the gla.ss to a consider¬ 
able extent. 

Jfence specially ri'si.stant varieties of gla.ss, .such as the “Jena 
apparatus glass,’’ winch only have this drawback to a very slight 
extent, if at all. are now made for eheniieal work. 

Hec. 12. 

10. Distillation. 

If a volatile lupiid is ronvmted inl-o the form of vapour, but 
again coudeused to a li(|uid which is collected, the jirocess is termed 
distillation, lly tlii.s means, as by the jirocess of evaporation, it is 
possible to separate sul)stanee<s of diil’ereiit volatility from one 
anotlier. Except in cases where the process is used to recover a 
Volatile sulistance, distillhtion is used for the purpose of separating 
a very inRammable volatile liquid, (\g. ether, from a solution, so as 
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i») tin^ risk »)f igniting tJio vapours incurred in a simple cvapora- 



lion The apparatus rc<|uire(l 
tii^llv of a vessel m wliK'h 
1 lie IkhikI is lo he trans- 
ionned into va]>our (iisii.illy 
hv hi-at), then of a eonnee.- 
tum 111 whieli the vapour is 
rcmleil and so condensed to 
lujuid, and thirdiv of a col¬ 
lecting vi‘ss(“l (re('(‘iver) for 
tins inpiid. known as the 

• Fig. It n'presents one 
of the commonest forms of 
lahoratory dist illation ap- 
[laratiia. 

Fig. 15 re])rosent.s an 
ajparatus, the distillation 
flask of which has a tlier- 
nioineler introduced into its 
neck Since the vapours 
e'^caping from the boiling 
iHpud swoop roiiiul tlie ther¬ 
mometer bulb, the boiling 
point of the liquid is shown, 
means of identifying a substance. 


for c.u'iviiig out a (list illat ion consists 



This icmpeiature frequontiv atVords a 
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It scvcial volatile aul)8taTices arc present in a liquid, it is, in many 
cafies, impossible to separate the different individuals in accordance 
with tbeir different volatility by n\eans oi distillab’jon, since with the 
rise in the boiling temperature the vapours of the more volatile 
substances become mixed with,those of the less volatile substances. 
The so-called fradioml distillation (r.c. the separate collection of 
fractions distilling within dehnite linuts of temperature, and their 
repeated redistillation), although it docs not effect a con\pletely 
quantitative separation, yet enables (pute pure fractions to b(‘ 
detained. 

Inasmuch as fractional di.stillation is hardly ever used in qualita¬ 
tive analysk’s in the restricted sense in whi<‘h it is dealt with in this 
hook, but is mainly employed in flie investigation of organic sub¬ 
stances, witli which we ar(^ not concerned here, a more detailed 
descri])tion of the process and an outline of the ])arti<‘ular eases to 
which it is applicable are omitted. 

Distillation is tlu' pioca-ss ])y means of which spring water or tap 
water, wliicdi invariably contains a more or less e()nsi<lerable quantity 
of dissolved sulistances (calfhim, inagnesiinn. sodium, carbonate, 
sulphate, chlorine ions, etc.), is freed from t lieso for analytical purposes. 
For the ))re[)aration of disiUh'd mtlt'r in (Muisiderahle quantities 
copper distillation vessels are used with cooling w'onns of jmre tin. 
If the condensing tube is imuh', of copper the water may easily he 
contaminated with that metal. It is liest to keep distilled water in 
stoneware jars, and it must ])e protected from the influence of the 
laboratory air, from which it can readily absorb acid or animoniacal 
vapours.i It is, therefore, advisable to make a routine practice of 
testing the purity of distilled water, in order to discover possible 
faults in tlie condensing w'orm. The durability of the latter is 
e()nsi<]erably increased by twisting strips of /anc round it, since these 
form a galvanic protection against the action of the cooling water. 
Smaller quantities of distilled water are prepared in glass flasks, but 
it is advisable to iis(‘ a condenser of resistant {e.g. Jena) glass. 

Sec. 13. 

11. Ignition. 

If it is required to remove from solid substances their volatile 
constituents, the same iticans as doscrilx'd in the case of evaporation 

* Tho distilled water in washing-bottles invariably contains carbon dioxide 
derive<l froui tho bubbles of air breathed into it, and it is necessary to remember 
this in certain cases. 



SUBLIMATION 


50 


SE<'. H 


inav bo used to convert th*em into the form of vapour. As a ftile a 
of heat varying with the volatility of the substance to be 
[vnioved is applied, and the process may be described as gentle 
heating, heating [e.g. in drying), or ignition. 

Tims carbon* dioxide may bo expelled from calcium carbonate 
(kilning of lime) and water from calcium hydroxide by ignition, and 
aiiinioniuin salts may be removed in the same way from a mixture 
of suits which contains them. 

In addition to being ignited for this purpose, substances arc also 
soinctinu's ignited to change their condition without causing them 
to volatilise, as, for example, in the conversion of a loose clay readily 
soluhle in sulphuric acid into a hard baked mass It'ss soluble in 
stilj)liuri<’. acid. Lastly, in analytical work the substiince under 
ovainiiiation is often ignited, so as to obtain data from its 
l»'‘haviour at the ignition temperature for conclusions as to its 
^'(‘tieral nature, its rcsistane^^ to heat, its fusibility, or the presence or 
alisence of organic substances, et<’,. 

Cnicihli'.'i arc the vess(‘ls ordinarily uso<l for ignition. For 
analytical j)urposes smaller erucihles or small Hat dishes (crucible 
ii(ls) of porc(‘lain, platimun, silver, iron, quartz glass, or glass tubes 
fused together at one end are used according to the conditions. 
Tln'se are heated over a strong gas flame or sometimes over a blow- 
jtipe flame, or in many eases in an electric ovim. 

For dt‘tails as to tlie methods of using crucibles, .see the end of 
Sec. (5. pp. .''),s and r»!i, and with reference to the heating, see Sec. 1!). 


Skc. 14. 

IS. Sublimation. 

When solid substnnees are converted, by beating, into vapours 
wliich are then conden;<(Ml again by cooling, tho process is termed 
sublimation, and tho volatilised and recondciiscd substanco u 
mhUnude. Wliether a substance melts when heated and then, as 
the temperature rises, boils (or distils), or whether it sublimes without 
melting, depends upon wliether its vapour pressure even at a tem¬ 
perature below its melting point is equal to the atmospheric pressure 
(when it sublimes) or whether it is not equal to it until after the 
melting point has been passed (wlien it melts and distils). In 
{iractice, however, it is usual also to speak of sublimation when the 
condensed substanco solidifies again at the ordinary temperature. 
Tims, for example, sulphur when heated first melts and then distils. 
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and folidifies again on cooling to tlic ordfnary temperature. If the 
experiment is tried on a small scale a siililiniate is obtained in which 
thS minute drops first formed may still he plainly observed. 

As a rule sublimation is used for* the separation of different 
volatile substances. In analysis it is of the greatest importance for 
the identification of many suli.stances, c.p. arsenic. The form of 
sublimation vessels varies widely according to the volatility of the 
substance. Sublimation for analytical purposes is, as a rule, effected 
in a small glass tube closed by fusion only at one end. When the 
sublimation is to be carried out in a current of hydrogen or carbon 
dioxide, a tube open at both ends, and usually constricted beyond 
the place to lie heated, is used, into wliich the sub.stance to be sub¬ 
limed is introduced either directly or in a platinum or porcelain 
boat. 

Sec. 15. 

13. Melting, Decomposition, and Explosive Fusion. 

By meUmr) is understood the conversion of a substance into the 
fluid condition under the influence of heat. It is a property of 
every substance at a definite temperature, and its determination 
may be used for the recognition or identification of the substance. 

The tc.st is frequently employed, especially in the case of organic 
substances. 'The usual method is to place a small quantity of the 
substance in a narrow glass tube drawm out to a still finer tube, the 
bottom of which is closed by fusion. This is attached by means of 
a narrow rubber band to a thermometer in sudi a way that the part 
containing the substance under examination is at the .same level as 
the mercury bulb. Both are immersed in a suitable bath and heated* 
together, and the reading of the thermometer is taken at the moment 
when the substance is seen to melt in the narrow tube. For other 
methods of eletermining the melting point reference mhy be. made to 
the Zeitsehrift fur anahjlisehe Chemie. The. jiresence of foreign 
bodies usually lowers the melting point of a substance (c/. p. 30). 

If a solid substance is introduced into a melted one, or if a mixture 
of two or more substances is heated until one of them melts, reactions 
may take place between the now fluid substance and that which has 
not yet melted at the temperature reached, as described in Sec. ,3 •' 
i.e. in so far as there is any action at all, there may either be simple 
solution or a chemical roac^tion accompanied by solution. Instances 
of the first process are to be found in the melting together of fats or 
resins, and also of metals (in which case chemical compounds are, of 
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course, frequently formed); whilst examples of the latter process 

arc .afforded by the fusion of barium sulphate with sodium carbonate, 
riiis is the form in which the process is mainly used,for analytical 
jiurposes. * 

When subat.alices which are insoluble or dissolve with difficulty 
in water and acids are, altered or decomposed by fusion with other 
substances in such a way that they, or rather the, new compounds 
produeed. are rendered .soluble in w.atcr or acids, the process is termed 
hrompoEition. 

Siil)!>tiinco,R^for the analysis of which the process of decomposition 
is particularly necessary, include the sulphates of the alkaline earth 
motals, many silicates, and jnany aluniininm conipoiyids. The 
ordinary fusion agent is sodium carhonate or potassium carbonate, 
or better still, a mixture of the two in the proportion of their molc- 
iilar weights, which melts Tiiore readily than the sojiarate alkali 
aihonates Tn certain cases barium hydroxide may ho used in ]dac.o 
)[ alkali carhonate. J^otassiurn hydrogen sulphate, or sodium 
ivdiogen sulphate, is also frequently employed for the decom- 
of ignited oxides, ef.c. Jn the case of these two latter fusion 
iLTciits the temperature must not be raised too high, for their action 
h’ltoiifls upon the fact tliat they decompose into neutral alkali 
nl))hati‘ and free snlpJmric neid. Tlio latter thus acts more cft'ec- 
ively at this liigher tfunperature than if the substance were boiled 
vilh concentrated snlphurif^ acid. But if the temperature is raised 
>‘‘voml the point at which even slight white fumes of sulphuric acid 
re vjsihle, the sulphuric acid esca])Os, and the fused mass loses its 
(lost active constituojit. Hence the heating is continued for a long 
yiie. hut only at a temperature suflicient to koej) Ihe nii.xturc fused, 
nd the crucihle is kept cfivered i 

Metals and the residues left on dissolving metals in nitric acid 
re frefprently fused with a mixture of sodium carhonate and suljihur, 
r with the “ liv(‘r of suljfhur,*’ prepared hy the ])revioiis fusion of 
'lese two siihstances. Tlie juocess is jireferahly carri<‘d out in a 
'U'ct'lain crucihle. whicli to ])revent loss of siiljihur is kept covered. 

\Vimii it is desired in ilie process of fusion or (h'composition to 
(feet simultaneous reduction or oxidation [ef. Sec. 1(1), substances 
>e used as the fusion agents or are mixed with the fused mass, 
Inch are capable of absorbing oxygen (potassium cyanide, sodium 

U (fio ninas lias been bunted loo strongly before decompo.aition is comploto, 
may bo allowed to cool, strong sulphnne acid added so that bj'drc.Miliihato la 
jam formed, and the heating repeated. 



58 


OmEJtAL CimMlCAL PniNCIPLES 


CTt. I 


• f 

formate, etc.) or of liberathi" it. Of the latter special mention may 
be^made of alkali nitrates, chlorates, ferroxides, persulphates, and 
percarhonates. When they are used the reaction may be intensified 
almost to an explosive degree. This is Known as ‘^explosive fusion.” 

The aim of this form of fusion is either to obta^in the oxidation 
product (as, for example, when arsenic sulphide is fused with potas¬ 
sium nitrate to obtain potassium arsenate), or it is used as a means 
of proving the pn'senoc or ab.sence of a substance (as when, for 
example, a test for nitrat.es or chlorates is applied, by observing 
whether the substance under examination behaves ex})losiveIy when 
fused with potassium cyanide, etc.). In the first ease the absolutely 
dry mixtuje of the substance and the <'X{)losive agent is introduced 
little by little into a red-liot enieible. h’or the hitter kind of tests 
only small quantities sliould be used, 2 )referably on tliin iron or 
platinum foil or in a small metal spoon. 

In analyti<ml 2 )rocesses fusion and decomposition is carried out, 
according to the conditions, in crncihles of jdatiniim, silver, or nickel, 
which are fixtul in a triangle resting on the ring of a suitable stand 
over a gas, spirit, or ])ctrol lamp (see See. Ifi). Fusions on a smaller 
scale are also frequently carried out in a small glass tube closed by 
fusion at one end. With regard to bead reactions, see Sec. 21. 

The choice of the crucihle to bo iisi'd dcjxnuls upon the nature of 
the substaiKH^ to be fused. 

IMatinum crucibles are for most ])urposes the most resistant. In 
the cases mentioned below, in whi(di th(‘y cannot be used, porcelain 
crucibles are usually om])loyed. but have tlie disadvantage that 
allowance has to he made for tlieir glazed surface being atta(5ked to 
a certain e.xtent by the fusion agents. Alkali hydroxides and 
peroxides liave a very pronounced action upon ])orcehiin crucibles, 
and crucibles of nickel or iron (or silver in the case of alkali 
hydroxides) must be used with those fusiori agents. Silver crucibles 
will not stand being heated to a high temperature. 

Different forms of triangles are used according to the nature of 
the crucible material. Forcidain, nickel, iron, and silver i crucibles 
may be fixed in a triangle of iron wire; ])Iatinum crucibles will 
be attacked by the iron. In sncli cases ^‘latinum wire triangles 
(Fig. 16) arc used, or iron triangles with ])latinum 2 )oints projecting 
inwards on each of the sides; - or triangles, the side wires of which 

' Silver crucibles must n4t bo placed in platinum triangles, or an alloy will 
I>o forined. 

* Zeitsch. anah Chem., 39,661. 
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irt* paHHod tlirougli siuall tubos of biscuit porcelain (clay pipe stems) 
)i- of (piartz j^lass. If those small tubes are too thick they prevepfc 
lie free access tbe flame to the crucible ; this drawback is 

ihviatod in the form of pipeclay triangle 
tiiown in Kig. 17/' , 

J)<‘c()m|)ositions with alkali carbonates, or 
ivith barium hydroxidis or alkali hydrosul¬ 
phates are carried out in jdatinum crucibles^ 

A brief outline may he given here of 
•ertain ])rc('autionaiy ruh^s to lie followed to 
irotcct [ilatinum vessels from injury. No 
v.ihstances which emit chlorine 2 must be 
iea(e<l in jtlatinum vessels. Alkali nitrates,^ 
i\ilroxides or cyanides, nu'fals and sulphides must not be fuseil 
II them, nor must tluy he iisial for the ignition of readily re- 
liu ihle metallic oxides, salts of heavy metals with organic acids, 
md ])hosphates in the ])reseii(<^ of organic comjiounds. Lastly, 
ilatmum ennabh's an* injunMl by being heated in a luminous and 
hereforii smoky llame. This renders tin* platinum soft and brittle 
lirough tlie formation of platinum carbide. Moreov'^er, care must be 
akeii that a platinum crncibli* 
vhicli has b(‘en brought to white 
cut over a blow-jiipe Jlaine is 
iot siid<lenly exjiosed to a blast 
f cold air by rapidly cutting olT 
he gas sup])ly, or it may easily 
icconie slightly cracked. Dirty 
Jatimim crucibles may bech*a iH*d 
uth moist sea sand, t he granuh's 
f which are rounded and <lo 
>ot scratch. If spots arii left 
vhh'h cannot lie removial in this Fm. 17. 

v'ay, potassium Iiyilrosulphate or 

'orax is fused in tbe crucibles, the mass boiled with water, and the 
rucibles again polished with sand. 

' Platinum is somewhat attacked in fusion.'? with alkali earlionateft, so that 
wall quantities of the latter may bo found in tlic fused mass {L. L. do Koninek, 
■citsch. anal. CAew., 18, 509). 

* Moncii, e.g. fused inossos which contain nitrates must not be dissolved out 
f die ciucible with hydroclilorio acid, but mast bo leaked in walxii and scjMvraWd 
fern the crucible before being treated with acid. 

” When they art* not mixed with a corresponding quantity of alkali carbonate. 
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Cold fused masses may be detached from platinum crucibles 
cipher by making the crucible red-hot and jilacing it on a thick cold 
iron plato (when cold, the mass usually separates cleanly from the 
platinum, although the crucible, may rc'adily be injured in this way), 
or after complete cooling the cyuciblo is again hcattd until the edge 
of the fused mass again begins to melt, once, more cooled, and, after 
the addition of sulficicnt water to cover the mass completely, again 
heated over a flame. If the crucilde is free from rough ])oints the 
fused mass will now dissolve, cleanly from the interior of tlie eruedtle.* 
ft is not advisable to loosen Ihe fused mass by pressing the sides of 
the crucible. 

. Skc. 16. 

14. Oxidation and Reduction. 

By oxidation in the more, restricted sense is understood the 
combination of a .substance with oxygen ; by reduction the reverse 
process, the separation of a substaius! previously combined with 
oxygen from this combination. 

'I'he combustion of carbon (charcoal) to form carbon dioxide, of 
hydrogen to form water, and the formation of lead oxide by heating 
metallic lead in the, air are oxidation ju'oce.sses, whilst the separation 
of mercury on heating mercury oxide is a r<‘duction process. 

In many cases both these ])roccssos take place simultaneously. 
When iron ore (ferric oxide) is heated with carbon (charcoal) the iron 
oxide is reduced to metallic iron, whilst the carbon is oxidised to 
carbon monoxide or dioxide. In this case the carbon is termed the 
reducing agent (which is itself oxidised) and the iron oxide, is the 
oxidising agent (wliich itself undergoes reduction). , 

In a wider sense the terms are also applied to analogous pro¬ 
cesses, the combination of a metal with chlorine or with acid radicles 
in general, for example, being described as oxidation, und the separa¬ 
tion of a metal from such a cond>inatiou as naluction. 

According to this the precipitation of a copper from a cupric 
sulphate solution by metallic zinc is to be regarded as analogous to 
the ignition of iron oxide with carbon. The zinc acts as a reducing 
agent, and is oxidised to zinc, suljdiate, the copper sulphate as an 
oxidising agent, and is reduced to copjier. 

Since, as was exjilained above (p. 24), it is a matter of indifference 
which anion is present in such processes, one can also say here that 
metallic zinc is the reducing agent (being oxidised to zinc ion), and 
* Ktockmann, ZciU^clt. anal. Vhem.^ 15, 283. 
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that tlie cupric ion is the oxidising agent (being reduced to metallic 
copper). 

In all the examples cited above the oxidation may be rcpro.sentod 
as a manifestation of the previously unexercised valencies of a metal 
or in general of an electropositive substance, through its combination 
with an electronegative one (oxygen, acid radicle), or through its 
conversion into the cation condition ; whilst the reduction may be 
represented as the separation of the electropositive substance from 
the combined (cation) condition in an elonumtary form. 

If an electropositive substance forms a series of conipoiin<ls in 
wliich it is present with djfT<irent valenc}', the conversion of tin* lower 
states of valency into the liiglu'r is an oxidation process, an<l the 
conversion of tiio liiglier into the lower state a reduction process. 

When ferrous oxuhi is converted by ignition wjth oxygon into 
ferric oxide, there is undoubtedly an oxidation process in the strictest 
sense: 

L>FcO+0-:^hV2(>3. 

Hence by analogy the reaction of tin' conviu’sion of ferious 
chloride into feme chloride, 2 Fe(.'l 2 -["bh —is also an oxidation 
process. 

Fxpressed as an ion formula this ])roc«‘.ss may be, represented as 
2 Fc"-f-Cl 2 =^H^"c ••-|-2f'r, i.e. the ferrous ion is oxidised to feme ion, 
while a new cation charge is given to it. The oxidising agent chlorine 
is reduced, while it clianges its condition fnnn fliat of an element 
into that of an anion. 

If, on the other liatid. stannous cliloridc is made to act njjon 
ferric chloride, tlie latter is reduced to ferrous chloride, whilst the 
former is oxidised to stannic chloride : 

2Fe0l3d-SnCl2—^FeCU-b^'^l-'li' o'' 2Fc“'-l-fSn“ ;2Fe" | ■■■. 

The oxidation Iiere consists in the formation of cation, t.c. the 
in(;reasc in tlie cation <drargc of the tin, whilst the reduction consists 
in the discharging of the feiTic cation to leave ferrous cation. 

If, in the oxidation of ferrous chloride to ferric chloride, elementary 
chlorine lias an oxidising action, in which it is reduced to chlorine 
anion, its action u]ion,t',ry. potassium iodide, in which it is also reduced 
to the anion condition while liberating free iodine, must also bo an 
oxidising action : 

2 KI+CI 2 -- 2 KCI+I 2 , or 2 r+o] 2 ---i 2 + 2 cr. 

In this case, then, the oxidation is a discharge of an apion, and 
the reduction tlio formation of an anion. 
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f^pcaking generally, therefore, the following statements may he 
made ; An electropositive substance (e.t/. hydrogen or a metal) is 
oxidised (acting for its part as a reducing agentj when it exerts its 
valency (when, in aqueous solution, ifforms anions). It is reduced 
when it is separated from a coiupound (when, in aqSeous solution, its 
cations arc discharged). 

An electronegative substance (oxygon, chlorine, acid radicle) has 
an oxidising action (is itself reduced) whim it exerts its valencies 
(when, in aqueous solution, it forms anions). It is oxidised (has a 
reducing action) when it is liberated from its compounds—when its 
anions are discharged. 

As was pointed out on j). ,')1, the metals may bo arranged in an 
order of tension in the sense that those which come first in the series 
invariably precipitate from their compounds those winch follow. 
This is a consequence of the dillerences in the degree of electro- 
allinity; the lc.ss “ noble,” more ])Ositivc metal always acts as a 
reducing agent upon the compounds of the more “ noble,” less 
positive metals. 'J’hus, for example, copper precipitates silver from 
silver solutions, but is itself precipitated from its solution by zinc. 

There is also a similar series in the case of electro-negative sub¬ 
stances in which the more strongly negative always has an oxidising 
influence on the more weakly negative, and forces it out of its com¬ 
binations. 

Thus chlorine liberates bromine from bromides (i.c. oxidises them), 
whilst bromine has an oxidising action upon iodides, i.e. liberates 
iodine from them. 

Oxidation processes, however, may also follow such a course that 
a negative substance such as o.xygen exerts its valencies upon a 
substance which otherwise has a negative action, c.<j. sulphur, which 
is oxidised with the formation of sul]ihiir dioxide, or, when more 
strongly o.xidiscd, yields sulphur trioxide ’ 

S+Oi=^SO., ; 2S0.-1-0c=2S03. 

In this case sulphur has an electropositive action towards oxygen. 

Characteristic instancos of this are the reduction of nitric acid to 
ammonia by hydrogen (zinc or iron with hydrochloric acid): 

HN03+81I=-NIl3-l-3H20. 

In this case the nitrogen in combination with negative oxygen 
towards which it has a positive action) is liberated from that com¬ 
bination, and then eonibincs with the positive hydrogen (towards 
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which it heliave.s as a substance witli a negative action), and, in the 
widest sense of the term, oxidises it. 

The fact tliat oxidation and reduction processes arc very irc- 
ijuontly associated with tlic formation or discliarge of ions affords 
an explanation 'jf the well-known observation that a substance has 
a stronger action at the nioinent ot liberation (in statu nascendi). 
The separate ions which have been liberated from the molecular 
combination, and have not yet reunited to form another molecule, 
can then be exceptionally active. Thus, in the example last mentioned 
the reduction is effected by the hydrogen in statu nuscemli, whereas 
elementary hydrogen docs not have this effect. The energetic 
oxidising action ot ozone (i.e. of the modification of o.xygen con¬ 
taining three, atones in its molecule) is also obviously to be attributed 
to the fact that an atom is readily split off from the ozone molecule, 
and that the free atoms are able to e.xert their electropositive charac¬ 
teristics to a much niori^ pronounced e.xteut than when they are in 
combination in the molecule. 

Oxidation and reduction processes may ])lay various parts in 
chemical reactions. 

Two dissolved substances may' react with each other, and both pro¬ 
ducts of the reaction remain in solution, as c.y. in the case of the action 
of stannous chloride upon feme chloride: ^FcOI^ | SnCh—2FcClu 
-| SnCl 4 . Or one of the substances may be precipitated, as e.<j. in 
the action of stannous chloride ujion mercuric chloride, in which 
mercurous chloride is precipitated : iJJIgClo-l-finOL—}fg 20 l 2 hf>nCl 4 . 

Again, a solid substance may be dissolved, and the products 
of the reaction may then cither remain in solution, as c.ij. in tlic 
reduction of ferric chloride by zinc: Zn-| llFeCl 3 ~h'eCl 2 |-ZnCl 2 ; 
or may be partially se|iarated as a solid substance (as in the jirccipi- 
tation of copper by zinc) : Zn-hC'uyO,j=.ZnSO.j-) Cu ; or may 
)iartially escape in the form of gas (c.y. as in the solution ot zinc in 
acid) ; Zn-fll 2 S 04 -=ZnS() 4 -|-H 2 . 

Or a gas may act ujion a solution, as ejj. sulphur dioxide upon 
an acid chromate .solution : 3 S 02 -l-Il 2 <-'r 307 —Cr 2 (S 04 ) 3 -|-]f .20 (in 
this case everything remains in solution); or as in the case of 
the action of hydrogen sulphide ujion ferric chloride : tiFeCl,^ | HaS 
= 2 FeCl 2 -|- 2 HCl-f 8 (in which ease sulphur is expelled by the chlorine 
ion and i.s precipitated). 

Two substances may also act upon one another in the fused 
condition (ace p. 5(>). 

Solid substances may interact, as in the metallurgical Reparation 
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of metals by ignition with charcoal, wtilst gases may act upon 
solids, upon liquids, and upon other gases, as in combustion, reduction 
in a current of hydrogen, etc. 

A description of the dilTercnt methods used in cariyiiig out 
oxidation and reduction jiroccsscs may be omittedi.herc, since they 
arc dealt with in connection with all the other processes (c/. in 
particular, Sec. 15, p. 57 ; Seis. 2U and 21, dame reactions, bead 
tests, blowpipe tests). 

It only remains to be mentioned that in accordance with the 
definition given above, whereby oxidation consists in the formation 
of cations, or the di.scharge of anions, an oxidation process invariably 
takes place m electrolysis at the positive pole, the anode, whilst 
there is a reduction process at the cathode, where cations are dis¬ 
charged or unions formed. In this ca.so the two jiarts of the com¬ 
plementary jirocess are .sjiacially separated, (.fccasionally the 
oxidising or reducing action of elocf rolj sis is used even in qualitative 
analysis. 

Sko. 17. 

15. Neutralisation, Determination of the Reaction of a 
Solution. 

Solutions of acids contain hydrogen ions. 'I’hey have a sour 
taste, and dissolve metals, etc. Solutions of ha,scs contain hydroxyl 
ions; they are termed alkaline (l.ll•cause only the hydroxides of the 
alkali and alkaline earth metals are soluble in wafer to any material 
extent), they have a characteristic so-called soap-lye i taste, and 
when sufficiently concentrateil have a corrosive action. 

If equivalent quantities of acids and bases (j.c. such as contain 
or can liberate corresponding quantities of hydrogen and hydroxyl 
ions) are made to react with each other, these hydrogen and hydroxvl 
ions combine to form water,^ and the acid r.-.diclcs and metals present 
unite to form salts, or remain as anions or cations in solution. 

Such a salt or salt solution is neither acid nor alkaline ; it is there 
fore termed neutral and the process of the reciprocal saturation of 
acid and base neutralisation.^ 

* The name originated from tlie fact that solutions of alkali hydroxides are 
termed “ lyes," as, for example, potash lye (K.OH eolution), soda lye (NaOH 
solution), 

* The solution then contaims only as many hydrogen and hydroxyl ions as 
does pure water. These need not be taken mto account in the following outline. 

* Neutrahsation botwocn'acids and bases may also obviously occur when 
cue of the Iwo coiislituents is a solid, as r.p. in the mteraotion of solid calcium 
hydro.vule and hydrochloric acid, or of solid tartaric acid and sodium hydroxide 
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* • 

The reaction fukos place in this way wlien acids and bases of 

c(jiial strengtli arc ])rought into contact. 

But if a strong ^acid is made to act upon a weak base, or. on tlie 
other liand, a strong base upcfti a weak acid, hydrolysis, as descrUxsl 
on pp. 27, 28, ta^vcs place ; i.c. notwithstanding the fact that tiie 
(piantitics of metal and acid radicle conesjiond, and may also yield 
in solid form by evaporating the solution) a neutral salt, as 
defined in iSec. 19 ; yet if the solution contains more hydrogen or 
hydroxyl ions than does water, it will sliow an acid or alkaline 
charaider. It is, therefore, necessary to add a more or h'ss con¬ 
siderable e.xcess of the weak constituent to establish a condition of 

* 

eqiiilihrium, in which the solution contains no hydrogen or hydro.xyl 
ions, ?.r. is of neutral character as defined above 

in analytical practi<-,e the acid, alkaline, or ixMitral condition of a 
solution is recognised by its behaviour towards certain cojoiiring 
matters of natural oeeurrence of tamed from ]>lants, such as litmus 
or turmeric, or artificially preparcil ones, such as metlivl orange or 
phenolphthaleiii. Those colouring matters are ti‘nn<*d iixlirators, 
and the colorations whicli acid, alkaline, or neutral solutions give 
with them are termed the learixui of the soint ion Hence a partii-nlar 
solution is said to liave an ar-id. alkalin(\ or neut ral reaction. 

In (pialitativo analysis indicators are usial almost e.xelusively 
in the form of strips of pa])er, tost papers, which are saturated with 
tlie particular colouring matter. This is moistened with the li([nid 
under examinat ion ^ (the test paper is dijiped into it), and any change 
of colour noted. 

Jntnuis colouring matter is naturally blue, but is turned r(“d by 
a<;i(!s. Turmeric is yellow, and is dianged to brown by alkaline 
lujuids. Methyl orange is yellow, and becomes red with acids. 
J‘JienoI])htbalejn is colourless, and is elianged to ri'd b) alkaline 
liquids, although it is a^ain tlecolorised by irnj strong alkaline 
solutions. 

As a rule the only t<‘st [lapers used ar(‘ blue and red litmus paper 
(the latter being tnrmxl blue by alkaline solnfions) and yellow 
turmeric paper. 

The (diange of cfilour in indicators depends upon the fact that 
the colouring matters in ipiestion are acids, the ions of which ar<^ of a 

jolution. An acid may also l»c ntutraliscd by the .ictioii of a carbonalc, licraiiH<* 
Llio free carbonic acid lilxoalcd by tfie otlicr acid is <lccornjjos<'<l into water and 
'arbon dioxide, wtiich I.itter cs< apes. * 

‘ In testing alcoholic Iiquals tiie litmus paper must tirst be nioisp'ncd with 
vater. 
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dilTe?ent colour from that of the uiidissociated acid molecules. In 
a(ud solutions their dissociation is prevented by the hydrogen ion 
concentration of the solution, and the colour is that of the un- 
dissociatod molecule. In alkaline liquids the * molecules of the 
colouring matter are dLssociatcMl, and the colour of/.he ions is mani- 
fcsted.i * 

The prevention of the dissociation (^.(’. the change of the ion 
coloration into that of the undissociated molecules) corresponds to a 
])roportion of hydrogen ions in the liquid under examination, varying 
according to whetluT the indicator is a stronger or weaker acid. 

Thus methyl orangi* is a relatively strong acid. It is not sensitivi^ 
towanls weaV acids {i c. does not give a red coloration witli them). 
On the other han<l, phenol|ihthal<‘in is a weak acid, the dissociation 
of which is readilv prevented, lienee tin*, red colour of its ions 
disa])ppar.s as soon as tlie solution contains more hydrogen ions than 
(orrespond to pure water. Tt is, thendore, sensitive towards weak 
acids 

'rhe diiTerence between the two indu'ators becomes olivious, c < 7 . 
in Ok* neutralisation of pliosplione acid. When sodium hydroxide 
is added to an aqueous solution of phosphoric acid a change of colour 
is indicated by methyl orange, if so<lium dihydrogen phosphate, 
NaHoP 04 , is formed, whereas such a solution still shows an acid 
reaction towards ]>henolj>htha]ein ; hut if more sodium hydroxide 
is added the colour <‘,hanges to red, as soon as the whole of the 
phosphati' has been converted into disodium liydrogeu phosphate, 
Nai,HP 04 . 

(lonversely, methyl orange is sensitive towards weak bases, whilst 
jihenolphthalein is ins(*nsitive. 

Litmus colouring matter occupies an int(‘rmediate position between 
methyl orange and plK‘iiolj)hlhalein as regards its acid {■huracter, 
whilst turmeric* colouring has about the .'^ame character as plienol* 
jilitlialein. 

A detailed description of iho.so cdiaraeteristics would be of 
relatively little importance in eonnc'ctlon with cpialitative analysis. 
This point will be dc'alt with more fully m connection with the 
volumetric processes of cpiantiiative analysis, in which indicators 
])Iay a very important ])art. 

' The disflooiation into uiiik i.s acconipanicd liy an inner transformation in 
the colouring matter molecule, upon whicli the actual changci of colour dopenda. 
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Sec. 18. 

16. The Generation and Use of Gases. 

The generation of a gas, i.r. the evolution of a gaseous .substance, 
invariably takes# place, when a chemical reaction occurs in which 
a ga.s is produced, a.s, for examj^le, in tlie d(‘.conij)o.sition of 
potassium chlorate by ln’at into potas.smm chloride and oxygen : 
K.CIO 3 =K('l ; or in the solution of calcium carbonate in hydro¬ 

chloric acid, in wliicli carbon dioxide is evolved : ('aCO-jd ^-lIl^'l 
^Cat’lod-H.X) ! (' 02 ; or when in the solution of a gas the con¬ 
ditions (prcssuni or tenijx'rature) are so altered that the gas can no 
longer remain in .solution, as c./y. in the reduction of pre.ssure on 
ojiening a bottle of soda-water. 

This last case hardly ever (aamrs in analytical chemistry, except in 
connection with the .separation of di.s.solvi'd gases (carbon dioxide, 
hvilrugmi su]})hide, eic.) from a li(piid. This is nearly awaj'.s done 
by boiling the gns out of tlic licpiid Tlie evolution of gases in 
cln'mical reaetions mav alford the uu'ans of (l<‘te('ting the ])rcsence 
of substances wbicli under definite condition.s I'scapc in gaseous 
form, and it is also of iniportanci* when a gas is to be used as a reagent 
and is jirepareil for that ])urposo. 

Obvioiislv tlic j)r()ces 3 is essentially the same in each rase, the 
only dilfenmeo being that in the latter case it is carried out ujion a 
somewhat largcu* scale. 

The methods mo.st frocpiently employed in the preparation of 
gases for anaiylieal ])ur]>oses are all based upon the a<Tiori of an acid 
upon a solid substance. For example, carbon dioxide is generated 
fpnn marble an«l hydrochloric acid, hydrogen from zinc and sulphuric 
a<‘id, hvdrog<‘n sulphide from iron suljilude and hydrochloric acid. 
\Vc,therefore,restrictonrselves here to a description of the.se methods. 
Details of otlu^r mcthodS*of gemmating gases {<’.((. the generation of 
hydrogen by beating sodium format<^) will be given in the a])pr()])riate 
places. 

For the. generation of gas from a solid substance and a liquid 
(almost invariably an acid), the apparatus almost exclusively used 
at the jiresont tinu; are tho.se with oontinuou.s action, i.e. those in 
which the current of gas is interrupted by using the pres.siirc of the 
gas ihself tosejmrate the liquid from the solid suhstanco, but in wbicli, 
by simply turning a taj), gas may be withdrawn and the evolution of 
gas started again. 

An extraordiuar}' number of methods of utilising thid principle 
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have been devised, but only tlic very extensively used apparatus 
of Kipp, illustrated in Ki^». 45 (Sec. 89), will be described here, and 
for details of other forms of ap|)aratus reference may be made to the 
Zeitschriftfur mmlytische ('hemic. • 

Kipp's apparatus consists of three (^lobular ves^ds arranged one 
above the other, 'the low(‘st of these has a base u])on which the whole 
a])paratu8 stands, is ])rovidi‘<l with a Hi<h! tu])ulnre closed by a stopper, 
and is connected by means of a fairly lonj^ neck with the middle 
bulb. The latter also has a tubulure in the u])])er part of its side, 
and the outlet tube for the j^as is pass('d through the- perforation in a 
stopper fixed in this opening, 'riie long lower tu])e of the topmost 
bulb is inserted into a ground-in joiid- in the neck of the, middle bulb. 
This long tube pass(‘s right through th(^ mi<ldlc bulb and extends to a 
considerable de])tli into tin', low<\st bulb, d'he space betw(M‘n the 
tube and the ne(;k, which separates t he two 1ow(t bulbs, must be so 
narrow that no portions of tin; solid sn])stanne used in gcin'rating 
the gas can fall to tln^ low(\st ])art of the ap[>aratus. If necessary, 
this may be prev(mted by surrounding the, tube with a strainer of 
acid-proof material. The middle Imlb is charged with the solid 
generating substance through the side tubulure. 'rhe acid is then 
pouri'd into the toj) bulb so that it fills tlie lowest ami risivs into the 
middles bulb. When it comes into <-ontaet with Ihe solid substance 
the evolution of gas begins. Air is first e.\])elhHl from the ap]>aratus 
by means of the gas, and the latter may tlnui be allowed to flow 
through the outUd, tube in a current regulated by the ta[). When 
the. tap is closed the pressure^ of the gas drive's l lie acid downwards 
and then through the central tube into the u]>pcr bulb. The heavy 
salt solution formed in the gc'neration of the gas sinks to tln^ bottoiy 
of the lowest bulb, so that until it reaches the bottom of the tube 
fresh acid is continually brought into contact with the solid sulistance. 
The salt solution is drawn otT through t]l^ tubulure- of the lowest 
bulb. 

Should it be m'eessar) before using a gas to free it from entangled 
])articl(‘S of liquid from the generator, or from moisture, or other gases 
present as imjniritios, it is made to pass through washing flasks 
containing suitable liquids. This lias the further advantage (and 
this also applies to cases wlu'rc' the gas is not passed through alisorbont 
liquids) that the strength of t-lie current of gas can be estimated from 
the number of gas bubbles. A sinqilc form of washing flask is 
represented by c in Fig. 45. A double w'ashing flask is shown in 
Fig. 18, in* which an overflow of liquid from one direction, or a rushing 
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back of the wasliiiig lujuid from the other rlirectioti is iuipossible. 
As a rule, coiKauitrated siil[)huric acid is used for dryinjf a jias. 

The presence o^ foreign gases, winch under (certain conditions may 
interfere with tlui use of a ga?!, js due to the use of jni]>ure materials, 
'rims, for exanif)li‘, liydrogen sul]»liide (remova})le ))y washing the 
gas with potassniiu jterniang.i- 
nate solution) occurs in carbon 
dioxide wlien marble containing 
pyrites is uscal. 

ihdiidr is generated 
from marble and hvdroidilonc 
acid of sp. gr I (>o l!>i<h(n}i‘it 
IS gmierah'd irom zme and sul¬ 
phuric acid ol sp. gr. l']8 . 'I'Ik' 
use of too C4)nceiit rated acid 
makes tlielnjuul too hot, and may ri'sult in tin* formation ot sulphur 
ilioxidc, or under (M'ltain conditions, of hydidgen sulphide. Ilvdro- 
gen is puri(ie<l by washing it with solutions of sodium hydroxide 
jiermanganate and silver nitiato, through whicJi the gas is made 
successively to pass. It is only uiuhT (piite ex(M*ptiojial circum¬ 
stances that li\diogiui IS absoluU’ly fi<‘e from traces of arseni<\ 
(h\>r further particulars, si'c See,. 89, J2. where also will be, fouiul 
directions for 4>v('reoming the, ditliculty that ahsohitelv pure zinc is 
very resistant to tin* action of diiiiti^ siil[)huric acid.) 

Wiien sub.sfanc<*s are to be In'ated in a current of liydrogen care 
must be taken that all the air lias first b(‘en cx^ielled from the 
gi'iierating apparatus and tubes. 'The gas is, therefore, allowed to 
escape for some tune, and a test may tlii'ii he made by collecting 
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some of it in a test tube and applying a light to ensure that it no 
longer consists of an explosive mixture. 'I’he safety tube devised 
by K. l'Tes(*nius. and represented in Kig. 19, may also be used as a 
safeguard against a possible explosion of a gaseous mixture witliin 
tlie, apparatus. 'J'liis tube contains discs of wire gauze conijiressed 
between wads of eofton wool. Its action is based on the ])rincij)le 
of tlie Davtj sab'ty lamp. In order that it*may bo trustworthy it is 
essential that the wire gauze discs shall bo c.xactly the sai^ie size us 
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tlic inner diameter of the tube, so that no passage shall be left free 
for the explosion, and also that the layer of discs shall be of suflicient 
length (about 5 cm.). A strong caution must b‘* given against the 
use of badly constructed safety tubbs not complying with tliese 
conditions. ^ * 

The generation of hijdnxjen sulphide is ))articularly important in 
analytical work. 

As a rule it i.s prepared from iron sulphide and hydrocldoric acid 
(of 8p. gr. rob). Since the iron sulphide and hydrochloric acid 
(which may be crude acid, i.e, not chemically pure) are never entirely 
free from ar^scnic, tract's of liydrogt'ii arsenide may be [)rcsont in the 
hydrogen sulphide, ami cause traces of arsenie. suljdiide. to appear 
in the [irccijiitates protluccd li}' the hydrogen sulphide. It is only 
in particularly delicate investigations, however, in which attt'ntion 
must be paid to the slightest trace of arsenic, that it is ncct'ssary to 
take this sourct' of error into consideration. 

For such work the iron sul[)hidc may be replaced by l^arium 
sulphide, ])re[>ared by igniting Jieavy spar with carbon, or by calcium 
s\ilphide. which may be obtained from gyjtsum and carlion. (See 
also, €.(). R. Freseniua, Zeitsch. <maL CItem., 26, d.TJ ; and 8e<;. 202, 3 ) 

Hydrochloric acid containing u considerable amount of arsenic 
must not be used, since otherwise so much hydrogen ar.senidi; will be 
present in the hyilrogen sulphide that arsenic sulphide will lie 
deposited in the tubes conducting the gas. Any considerable jiro- 
portion of selenium in the hydrochloric acid may also produce 
abnormal results. The presence of selenium is indicated by the 
appoaranec of an orange-red ])recij)itate in the generating fla.sk. 

In larger analytical laboratories so much liydrogeu sul]thulc 
required tliat the ordinary Kipjj's apparatus is not large enough for 
tlio purpose. Fig. 20 represents a form of apparatus devised by 
Brugnatelli, whii^h, with certain modifications, Las' been used for 
many years with good results in the author’s laboratory. 

TLe flask B, which i.s provided with a tubiilure ad Las its neck filled 
with coarse fragments of glass, whilst small lumps of iron sulphide 
are introduced into its body. Through the rubber stopper are 
passed the tube sS (which under certain conditions may be omitted, 
vide infra) and a short tube c, of at least 1 cm. in diameter, which is 
connected by means of a short })iec.o of rubber tubing with the tube d 

^ Flasks with a side tubdiuro, such as arc frequently used a.s rceeivora, arc 
also applicable for this purpose, as shown lu Brugnatelli’s original sketch 
{Zeitsch. anal. Chem., 8, 389), but aru less suitable. 
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])as.siiig throuj^^li t}i<' stopper of the flask J. The tube c oxCends 
nearly to the bottom of A, and is coniiect(;d at its other end with the 
ilask M by means of tlu^ tube f, through the sto])()er of whieh pass'os 
a short glass tube gpen at eaeh end. The sto])[>cr of the tubulure a 
of the Ilask Ji aI«o has a tube attached l)y rubber tubing to the lead 
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tube y, which is provided with brass taj)S, h, 6, i, i, througli whieh the 
gas may be conveyed to different places. 

In using the apjiaratus the tup k is opene<l and a mixture of 
one volume of crude liydroehloric arid (as free from arsenic as possible) 
and two volumes of water is introduced into M. The licjuid reaches 
A, and rises through d and c mto tlic fli^sk B. As soon as it has 
nearly filled the neck th('. tap h is closed, rare being takeii tliat M is 
then only about half full. On now opening the tap h and one of the 
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tapw i, the acid rises up to the iron sulphide in B, tlie evolution of 
hydrogen sulphide begins, and continues in a iinifonn manner, owing 
t« the fad that the wi(h‘ tubes c and d allow tlie heavy f(*rrous chloride 
solution to fall ccmtinuously, wliih^ fresl* acid rises fo the iron sulphide. 
To inereas(‘ the amount of contact between the aiadi'Uid iron suljihidc 
one nr more blocks are pla<“(HH>clow M. whereby the pressure of tln^ 
liquid is augmented. The cuirent of gas mav tlius be regulated at 
will by laising or lowering the flask M. as Ibugnatelli recommends, 
but wlien tlie apparatus is re<piired lor supjilving tlie gas simul¬ 
taneously to different li(jnids. as is the case in large laboratories, the 
use of la])s is necessary. 

Jf th<‘ apparatus is not to b<’ used for .some considerable time the 
flask <1/ r*])laced at a lower h“v<‘l. The Inpiid then falls in B, and is 
no longer in conta(^t willi the iron sulphide, so t hat the evolution of 
gas gradually e(‘ases. If at tins stage hydrogen sulphidi* is not 
developed rajiidly enough to lill tlu^ spaei! h'ft by tlie liquid, air is 
drawn through the tube s. Tliis tube (if usi'd at all, rid" wfra) is 
})ref(‘ral)ly fairly long, to prevent liquid being forced out from it, 
when th(‘. livdrogen sulphide has to overcome tJu* pressure of a higlier 
column of liquid. Should anv hydrogen sulphide .still be dcvelojicd 
from the moist iron sulpliido after removal of the acid, the only result 
is tliat somewhat more acid (lews from A to M. 

d'he tuhe .v may lie omitted wh<ui laps arc used. In that case 
the liquid in B falls more slowly when M is jilaeed in a lower position, 
because the space of the receding acid is then occupied hy hydrogen 
sulphide ; hut in the ahsence of a tap the tula* s is necisssary to jirevent 
the lujUid into which the hydrogen sulphide is being introduced from 
being sucked bac-k when M is jilaeed in a lower position. (Jbvioiislj^ 
this drawback is ri‘adily oliviated when tajis are used by closing 6 
before lowering M. The gasdeliver(‘d from/and/iscondueted through 
washing flasks, or in wintiu’ through U'tubespacked witli cotton wool. 

When the ai-id is finally spent, M is phn^cd at a lower level 
than A. and the ta]i h (wlnui the tube s is omitted) is o])ened. The 
whole of the b(|Uid then flows into M and can be poured away. 

If a Woulfr flask with tliree necks is used as tlie vessel A, a sqihoii 
tube with a pincheock may lie fixed in tlie third of these, and the 
ferrous (Odorido solution collecting at the bottom of the vessel bo 
drawn off at intervals. In this ease, the lower limb of the tube e is 
made of sm^h length that it only reaches halfway down into so 
that tlie and flowing back into the flask does not mix with ferrous 
chloride sphitiou. 



SEC- 18 TIUi! UENTnUTION AND USE OF GASES 73 

Ot-hcr forms of large apparatus Lave been described by WiiiKler ^ 
and Kuster.- 

A large glass carboy of br) to 60 litres (acid carlioy) lias laabi 
suggested Jiy 11. Lolmdabl amd \\ olilk * as the vessel for ecpialising 
the ]>ressiire m tli<‘ case of apparatus (l<‘liveriiig gas at several points. 

Hydrogen sulphule apparatus, especially such as used for Ihe 
prodiiclion of large quantities of gas, must be placed either in the o[ien 
or in well-ventilated rooms. The taps through which the sup[»ly of 
gas is drawn should b<{ fixed within a fume cuplioard, for hydrogen 
sulphule is not only an unjilcasant gas, but tj inhaled in the andilided 
form may also immediately produce pronounced ell’ects of jjoisoiiing. 
When carefully useil, however, it is quite innocuous. 'Tne hydrogen 
suijihide is conducted through glass tubi-s into tlu! liquid inuh-r 
('xainination, and care must lx- taken that tlu^ column of h({uid is not 
higher tliaii corresponds to tiu* jnx'ssure within the generator. 

As a rule, a moderate current of gas is sui]i<aent; for, obviousl)', 
the imabsoibed ]iortions have* no action Onlv in exceptional cases, 
wliicli will be dealt With in their jilaee, is a stronger current of gas 
nec(‘s.sary. To avoid the use of an ox<u‘,s.sivo quantity of hydrogen 
sulphi<h‘ (lial)c jecommends tliat the tube introducing tin- gas into 
the liquid under e.xarnination should he passed through a stopper 
(cork), which will tit the ncek of the vi-ssel contaimng the liipiid. 
(Jas IS introduced, while the cork is plaeeil loosely in th<' neck, until 
the air above the Inpiid iias been expelled , tlie cork is then titted 
tightly into th<‘ lu-ck, leaving the otlier eii<i of the tube in free com¬ 
munication with the gas gmierator. Jn projiortion as the liquid 
absorbs tlie hydrogen sulpliide abovi' its surface- more gas can enter 
into the flask. This sugge-stion, so far as we are aware, has not yet 
been widely adopted. 

In cases where only a small amount of hydrogen sulphide is 
required, a saturated solution of the; gas in water is frequently used. 

This hiidroijeii sulphide water should be kept in closed llasks 
protected from the light.■'» In the case of larger ajiparatiis it is 

* Zcituch. a/ud. Chciii., 21, 380. Cf. also 11. Bilt/, did., 46, 09. 

2 J. praO. ('hem. (A'./’.), 48, 506 ; Zeit^h. anal Clam., 33, 5S4. 

^ Zeitsch. anal. Chem., 33, 04. ^ ibid., 41, 14. 

^ it la ftilvi-sabJo to placo the liyclrogra .sulphide water immediately after ita 
preparation in small flasks with a oupauity of atiout 200 c.c., to cork these lightly, 
and to place them cork flownuards in a ve.ssel filled with water to a height of 
about 10 cm., winch is kept in the tiark. Otherwise liydrogcn aulpludo wati-r 
(iecompofics with tlie fuiination of water and auljihuno acid, and the liberation 
of free auljdiur. In doubtful eases it should be iRited whether the liquid still 
retains a strong odour of hydrogen sulphide and j’lelda a largo deposit of suljjhur 
when treated with ferric chloride solution. 
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prepared by conducting the gas from the generator througli washing 
flasks containing distilled water, or through shallow vessels in which 
it passes over the surface of water and is kept ,in constant contact 
with it. By the use of a device for 'removing the. saturated liepnd 
and simultaneously substitut^ing fresh distilled w'iter, a supply of 
strong hydrogen sulphide water is always available. {Cf. the diagram 
accompanying the <icsc.ription of Winkler an<l Kiister’s generator, 
loc. cil. nupra.) 

Hydrogen sulphide is also used for tlie laboratory pre])aration 
of siilp/titlr and ,sodiuin (or f’ulpltulc. 

The foruier is j>rejiared by saturating three parts of a({ueous 
ammonia .solution of .sji. gr 0 ')(! witli liydrogeii siiliibide. and then 
adding two part.s of amiiioiiia solution. The resulting i oloiirless 
liquid contains aiiiiuoiiiuiu monosulphide, (NJldai^, together with 
some ammonium hydrogen sulphide, NlljSJl. By the aetiou of the 
air it becomes yellow, tliiuugh the formation of poU'suIphide 

h'(NH,,),S+()+lU) ...(NJl4).,S„ i2NIl.,()ll. 

IVilysulphide is also obtained by treating ammonium inonosulphide 
with euljihur. 

An analogous method is used in the prejiaralioii of .sodiuiii (or 
jiotassium) suljihidc, the alkali ludroxidc solution being llrsl 
saturated with hydrogen sulphide, and an eijiial quantity of alkali 
hydroxide solution then added. 

Chlunmi ijas and chlorine water must also be jirepared in the 
laboratory. 

Eighteen parts of coarse common salt are mixed with lb parts 
of finely powdered manganese dioxide, which must be free, frqm 
calcium carbonate, in a fla.sk into which is then [lourcd a com¬ 
pletely cold mixture, of 15 parts of about 92 jier cent, sulpbiiric 
acid of sp. gr. 1‘8,‘JO to 1'833 and 21 ]iafts of w'ater. On shaking 
the flask a regular and continuous evolut ion of chlorine gas soon begins. 
If it slackens it can be intensilied again by gently heating the flask. 
For the preparation of chlorine water the gas is ]iasaed first through 
a flask containing a little water and then into a flask filled with cold 
water until the latter is saturated. If chlorine water quite free from 
bromine is required, the washing flask is changed after about half 
of the gas has been evolved, and the .subsequent gas conducted into 
a special flask filled with water. For the ))rej)aration of chlorine 
absolutely tree from hydrogen chloride, the gas i.s first jiasscd 
through h U-tube containing fragments of manganese dioxide, or, 
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as proposed by llarnpe, through an a(jueous solution of potassium 
permanganate. 

Chlorine water ;mist be kept in a cool place and protocte<l from 
all light, since, witliout this precaution, it is soon completely decom¬ 
posed, i.e. is converted into hydrochlpri(- acid, while oxygon (from 
the decoinjiosed water) is liberated. Smaller ijuantitios for use in 
the laboratory ari^ best kept in a flask wliieh is placinl in a cardboard 
box to protect it from tlu* light, or they may be kc|)t in bottles of 
black glass. 

Chlorine water must have a strong odour of chlorine, and when 
heated in a porcelain basin should eva]>orate comjtletoly. It should 
contain little, if any, fre<‘ hvdrochloric acid, so that when shaken with 
metallic mercury until the odour of chlorine disapjiears, it should yiehl 
a ftltrate which is at most faintly aiad. On sliaking chloriiu! water 
with a little (;arl>on Insulpliide and finely divided 7:inc there should 
not b(i ev<m a tem])orary brown-rod coloration of tlic bisulphide 
{broniine). 

A small ipiantity of chlorine may lie readily pn'pared liy causing 
a mixture of e(|ua] parts of hvdrochlorii' acid and water to act slowly 
and without the aid of heat in a special form of gas ge nerator mion 
(;ubes j)ro[)urcd m accordance with W'lnkler's [iroposal, by kneading 
together one part of calcined gypsum and three parts of (ailoium 
chloride, until a moist friable mass is obtained.^ 

8ec'. 19. 

17. Heating Apparatus, and especially Gas Burners. 

Oas burners are the most im[)ortant of tin* appliances used for 
producing tbe lieat rt^cpiirod by numerous processes (cvafioration, 
distillation, ignition, fusion, etc.) in analytical work. Theses are all 
(Constructed upon the print-ij>Ie devised by llunson, and are, Ihorefore. 
briefly termed Biaiscn hmiers. 

In many cases they may be replaced b\- vlcclnc hcatiiuj aftpliancvs 
(liot plates,cru(cil)le furnaces, etc.), wliich are based upon the princi])le 
that the parts to be heated offer great resistance to tlie passage of 
an electric current. They have the advantage that, by a correspond¬ 
ing regulation of the current, the exact temperature desired may lie 
rapidly attained and may be kept constant. 

For many purposes, how^over, esjiooiall^ for the observation of 
flame tests and tim effects of oxidation and reduction processes 


^ Zeilsch. anal. Vhem., 26, 352. 
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during }icating, the use of heating appliances burning witli a flame is 
indispensable. 

If illuminating ga.s is not availa})le, s[)irit oi;. benzine ]anij)s can 
1)0 used for all jnirpos(‘s in the jilaci of a Bunsen burner. Apart 
from the well-known snnjilo sj)iril-iamp and tin; RtS'zclius spirit-lamp 
with introduction of air, both of which are jirovided with a wick, 
these lam])s depend on the vaporising of tlie spirit or benzin<‘, and the 
burning of this gas in the same way as in a Jhmsen burner.^ Wit li 
regard to such lamps reference may Ik* made (o the Zcilschnfl /or 
anulffl isc/ie ('Item ie. 

In the jdace of illuminating gas, water gas, blast furnace gas or 
air can bo utilised ; the.se are condiietcd 
through bmizine, benzma^, and so on. 
and are thus (Hiargi'd witli liv<f rocarbon 
vapours (earburetted). 

Su(‘h gases can lie burnt in Bunsen 
burners, but th(‘, niaessary (piantity of 
air, coiTesp(mding to the gas in (jues- 
tion, must b(^ earididly regulated, for 
Bunsen burners depend on the fact that 
the gas Ixdore going tinougb the ]iroeess 
of comhiistion is mixed witli a (piantity 
of air scarcely sullicient for complete 
eombiistion. Tlie effect of tliis is tliat 
the gas does not hum wit h a luminous 
flame at all. 

A Jhmscn burner consists of tln^ 
liasc (lO (big. 21), on which the block 
(ongitially stpiare) cd re.sts, which on the 
one side has holes for the introduelion of air, and on the other 
side has the indented tube for the introdUetion of the gas inserted 
into it. This passes inside the block cd into a vortical narrow tube, 
which projects sliglitK ahove al. This is clo.sed at the toj) with a 
disc, which is jirovided with three radial slots intersecting at an 
angle below 60'' (in later moilols with a narrow round ojicmng) for 
the outlet of the gas in a Bunsen burner. The block cd has at the 
top a screw thread, into which tlie tube can be screwed. Jn this 

* Tn many cases the .suljilmr eoulained in illuminating gas has a disturbing 
effect, and ao evaporating lipiids or fused masses which arc to be tested for 
sulpliiir compounds may absorb sulphur fj'om (lieso compounds, unlcbs they arc 
protected from contact with the gases of the llame. 



Fkj. 21. 
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latter the air drawn in liy the atream of gas through the side 
ojxMiings in fld mixes with gaa entering l)y the central tubes. 

Fig. 22 show.s a Bunsen burner in whicli the openings for the 
introduction of air are, not in t’l.e aipiare block, but in the cylindri<al 
portion which re.st-. on the base. 'I'he collar a can bo screwed higher 
or lower to regulate the. amount of air. 'I’he star rcro at the toji 
.serves as a support for a sheet-iron chimney (indicated by dotted 
line.s). 

The Bunsen principle can. of course, be carried out in various 



forms, e.q. in many burners the base has a central ojiening for the 
admission of air. For further particulars, see the Zdlsclinfl fur 
unuhfliur/tc Chutnic. 

Fig. 23 re)iresents a form of burner devised by Teclu,’ in which 
the air supply is regulati'd by screwing U]i or down the horizontal 
plate which is just below the lower conical portion of the mixing 
tube. The gas suiiply can be regulated by t.irnmg t he screw o|)iiosite 

' Znfuch. anal. Chem., 31, 430. 
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the tube for tlie introduction of gaa, so tliat its conical end acts as a 
shutter. 

^ Various tops can be fixed to the tiiltc according to requirements. 
In particular, the form marked 6 , which consists of two vertically 
intersecting slots, is much in use. 

In Bunsen burners, when fhe flame is too low. that is to say, the 
sujqdy of gas too small, it oc<'asionaUy .strikes back into the tube 
(the lower gas outlet) so (hat it burns iii the tube, which becomes 

h(‘ated. This can be pre- 
verq,<‘(l by reducing the 
sup]>ly of air sinuiltane- 
ously with that of the gas, 
which can be done in the 
burners sliown in Kigs. 22 
and 2‘h Tliis trouble can 
also be ]>r(“V(‘nted by fixing 
a small win' netting over 
tile upper oiith't of tlie 
buriHT. A constriction of 
tli(‘ up[)cr end of the tube 
has tlie same etTe(;t,l for 
whieh reason a eom])ara- 
lively large amount of air 
can be admitted into the 
Tcchi burners. 

Jf the lauqis are to be 
used for heating flasks, 
beakers, ete.. sucli glags 
vessc'Is sliould be placed 
on bra.ss win^ netting, thin 
Fifj. 04 ^ sheet - iron, or asbestos 

boards. Crucibles and 
small dishes should be ]i!aeed on triangles,- larger basins directly 
upon the ring of a trijiod or stand. 

To derive the full advantage from a flame, it should be at such 
distance from the article to bo heated that the full flume spreads 
round it. 

This can, for instance, be done in the manner shown in Fig. 24, 
where the lamp and tlic fork holding it is adjustable on the stand. 

* CL ZeiWh. aval. Chem., 15, 3H ; 29, 576. 

' For (Ie8cin)(i(>n of tfiojjp, .sec ^oc. 15, p. 51). 
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Otherwise the ring on the stand must be adjusted or, in the case of 
tripods, small blocks of wood placed under the burner. 

In particular, when in the case of ignition and fusion a higher 
temperature is to bo reached ^han is obtainable by simple Bunsen 
or stronger IVrlii burners,i bcillows should be used, by means of 
which the combustion of a greater quantity of gas is elTected in a 
relatively small llanie by the addition of larger quantities of air, or 
a[)j)lian< os such as the gas furnaces of \V. Hcnipcl ~ and II. Rbs.sler,‘^ 
or an electric crucible furnace. 

Apart from purposes of beating, gas burners arc also used for 
producing flame n^actions, as already mentioned. To "understand 
them, a more detailed de.soription of the flame of a Bunsen inirner is 
necessary. 

We are indebf(Ml to the phvsieo-('heniieal investigations of the 
last ten years, an<l jiartieularlv to the work of 
Haber and his juipils, for a comprehensive, insight into 
tin; ]irocesses of the burning of a Bunsen burner. 'I’be 
main dilTerence Ix'tweim the burning of gas in an ordinal’s 
burner and that in a Bunsen burner is that in the latter 
the necessary air is already to a c('rtaii) degree mixed 
with it. 

[n conse«{ueiicc two distinct combustions take ]>laee. 
one after leaving the burner and the second on the 
eontaet of the partly i)urnt gas with the outside air- 
If, ill order to Iiav(5 ai-curately defined conditions, we Kio. 2.5. 
do a.s ilaber <lid, and take into consideration the llame 
of a Teelu burner to vhu li a large amount of air is supplieil, we find 
that the first I’ombiistion. representixl by in the diagram Fig. 2.0, 
takes place in t he bright grccn-colounMl zone ; tin? breadth of this 
zone, which the gas passi’s m aboutO <M)1 si’cond. is only about 0 I mm. 
Its position is detiTiuined l)y the spei'd of the gas and by the speed of 
transmission of combustion in the gas. 

If the burner i.s burning j)ro]H‘rly both velocities are eijiial. the 
position of the zone acb therefore does not eliange , it is a (pie.stion 

* SiM) Terquem burners. ZeiL-«'h. anal. Chnn., 20, lUy. As regunl.s 4»jlu-r 
burnorM with stronger aetion, soo ZdUich. anal, ('hnti., gemially. Referenei' 
may also be made to tliifl journal for Micro-burners. 

* Zfitsch. anal. Chem., 16, 454 ; 18, 404. 

» Ibid., 25, 95 ; 32. 593. 

* Thermodi/namik kchnWhir (Ja.^rfaktionf’n, p. 282 r/! fteq, Muneben, 1905; 
Zett-fr/i. pAy-'i'. t'/jrw . 68, 720 ; 81,64J,aml in s<-venil <»l tier parts of iJie works 
iiiontomed. 
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of “ steady ” combustion. If the velocity of the gas is too small the 
combustion is transferred to the interior of the tube and the l)urn<T 
strikes back ; conversely, the flame may be blo)vn out by a sudden 
increase in the s])ee(l of the gas su]>))Iy. Fluctuating burning is 
primarily duo to the fact that in short burners tiiere is frequently 
insullicient mixing of the gases, so that the two velocities previously 
immtioned are nob constant 

The ])osition of the exterior cone adb is determined by the fact 
that the atmosplu'ric oxygen coming from outside is suflicient to 
cause complete combustion to carbon dioxide and water vapoijr of 
the combustible gases coming from the interior. 

Tir the zone ocb, the inner cone, tlie air ])rimarily mixed witli the 
gas causes its combustion to a ini.xturc of carbon monoxide, carbon 
dioxule. hydrogen, and wat(‘r, wlii<'b is diluted by the nitrogen of the 
air.^ 'file concentration of the individual constituents of this 
mixture d(‘pend u])on the conslaifl. K in the equation 

CiU).(VA) 

the so-eallod water-gas e(|uation. The equilibrium concentrations 
C for the individual constituenis which are very quickdy reached in 
passing through the inner cone, owing to the acceleration of the 
reaction which takes place there, remain fairly constant in the whole 
intermediate region (2) up to the outer cone. 

The temperatures in such a flame have recently been very accu¬ 
rately measured, and it has been shown that the temperature of 
the inner zone of eombustion does not r(‘a<‘-h the degree calculated 
from the luminosity, but only about l.bbO"’. The characteristic 
green, or with greater excess of air blue, colour of the inner zone is 
to be attributed to lumin<‘S(‘('ne(^ ])benomena. The hottest ])art 
of the flame is immediately in front of the”out<‘r zone of combustion 
(ISIXF) ; from that point heating of the gas(*s issuing from the 
inner combustion zone takes ])laee by conduction and radiation, so 
that the layers of gas nean'st to the externa! zone of combustion 
are the hottest. Jlaber’s conclusions are based, as mentioned above, 
upon a T(‘(flu burner with a ])lentiful supjdy of air, such as is also 
found, outside the laboratory, in the modern ]\'cLb(tc/t burner and in 
gas cooking a])j)aratus. By rc'gulating the supply of gas ami air 

* If oxygen is intn)<lnce(4 inslead of an, a portion <if tlu* lioat of reaction in 
not utilised in heating the nitrogen, and tlie ten;peratuii“s in tlio flame become 
correspondingly higher. 
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dilToretit proccssos may bo inaiiilaiiie<l in tlio ilamo, which can bo 
used for oxidation, reduction, fusion, and volatilisation purposes. 

Kig. 26 is a diagram of a Bunsen burner provided with a olumney 
and an adjustable air-supply. »Bunsen has given an accurate descrip¬ 
tion of tlio cliamcjterislies of such a tlaine. Although his estimations 
of the tmnperature conditions have fieen corrected by llabi'r's in¬ 
vestigations, as already mentioned, his description of the diil'ermit 
parts of the flame still holds good. 

There are to be distinguished (1) the dark flame cone aaa'a\ 
which contains the cold gas mixed with 
about ()2 per cent, of atmospheric air; 

(2) the flame mant le d'ca'h, wldeh is fornuMl 
by the burning gas mixed with air; (d) 
the luminous point aha. This, howi'ver, 
is not shown by the normal burner witli 
open air-holes. If it is to be jiioduced, as 
is necessary in naluctiori experiments, the 
air-holes are correspondingly regulated. 

In tlicse three main portions of the 
flame ue distinguish, as did Bunsen, six 
reaction areas (Fig. 26), wldeh were named 
]>y lum as follows 

1. The JId/iw basis at a, which is of 
relatively low t(mi|>eralure, because the 
gas burning liere is chilled by the cold air 
coining from below, wliilst the burner 
tube also con<lucts Ix'at away. This part 
of the flame is fn‘({iiently used for the 
detection of readily volatile subsiaiieos 
which colour tlx* flame, in the presence of E 
less volatile sulistances wt)i< h also colour 
the flame, since at a lelatively low teni- 
]K‘rature only the former volatilise momentarily, and the resulting 
fugitive flame coloralions appc'ar distimd-ly and unmixed. 

2. Tlie am(. Tliis is situated at somewlmt aliove the 

lower third of tlie entire height of the flame. e«jually distant fiom t he 
outer and inner hoiindary of the flame mantle, which at this lu'ight 
has reached its maximum width. It is used for testing the fusibility, 
volatility, ami light ladiation of substanceSj and for all fusion pro¬ 
cesses at a high temperature. 

d. The lower o.iidalwn area is in the outermost jiart of tlie fusion 

G 
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area at y, and is particularly suitable for the oxidatien of oxides 
dissolved in glass fluxes. 

4. The wpper oxidation umt at € is formed by the \ipjjer non- 
luminous point of the flame. Its actic^i is most powerful when the air¬ 
holes of the burner are fully Oj)ened. It is u.scd for the removal of 
volatile oxidation products and for all oxiilation proeessiis for which 
a not very high temperature is required. 

5. The hu'cr reduction, urea is at S, i.e. at the inner edge, of the 
fusion area Iiordering on the dark flame cone. At this jioint the 
reducing gases are still mixed with atmospheric oxygen, and therefore 
do not act with full reducing power, ami .so leave many substances 
unak'^red which are redm-ed in the upfier flame. This [lart of the 
flame is particularly suitable for reductions on carbon sticks (p. 88) 
and in glass fluxes. 

6. The upper reduelwn area is at 7 in tlic luminous point which 
forms above the dark flame cone, when the air-holes arc closed to 
the necessary extent. Tlie restne.tion of the. air-supply must not 
be carried so far that a test-tube filled with cold water and heJd in the 
luminous point becomes (aiatiMl witb soot. 'I'his part of Ihc^ flanu* 
contains no free oxygon, is rich in separated incamlcseent carbon, 
and has, therofon?, a much more pronounced reducing action than 
the lower reducing area. It is especially use.d for the rcduotioii of 
metals, which are to 1x5 colloi^ted in th(5 form of deposits. Reduction 
and oxidation processes can bi'st be l arriiMl out with the aid of such 
a gas flame, and by malcing use of the difl'erent parts of the flame. 

The investigation of the behaviour of small quantities of solid 
substances in a flame, such as tests of their fusibility and volatility, 
the formation of sublimates, tin* observation of the production of a 
flame coloration, as also the oxidation and reduction phenomena in 
the flame produced by them eitlier alone 6r in admixture with fusion 
agents, as in the so-called Ix^ad reae,lions, was formerly [i.e. before 
the introduction of the Bunsen burner) earrii'd out exclusively with 
the aid of a simjile spirit hiinj), the heat of which was intensified, 
when necessary, by blowing into it a current of air from a blowpipe, 
or by means of a luminous flame (candle, etc.) with the aid of the 
blowpipe. 

These tests in the dry way are frequently summarised under the 
name of bloivpipe tests. They arc still useful in their original form 
outside the laboratory for the rapid examination of minerals. The 
use of gas burners, however, when available, is usually preferable. 
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Bunsen devised a process, described more fully below, in which the 
blowpipe was not used under any roTuIitions. * 

We, however. ])refcr to use the ))Iowj)i()e for reduction reactions 
and certain reactions in the oxidisin'.^ flame, i r. for heatinj^ on 
charcoal, whilst in other cases, for tes^s in ij^nition tubes, llainc ai\d 
bead reactions, we recommend the use of a j?as flame. 

The value of these reactions in the dry w.ay i.s tliat thev "ive 
immediate re.sults. These may either consi.st in the dctorniiriation 
of the j)ro[>ertios of the substance under examination, i.r. wbctlnw 
it resists the action of heat, is volatih*. fusible, etc , or in the ajipear- 
anco of phenomena which eiialile the particular sul)stAn<-<‘ to he 
immediately idcntifi«'(l. ])etails of individual tests will he .ioi-ind in 
the oniline of preliminary examination in (.'liapter 11. 

Sec. 20. 

18. Flame Tests, Oxidation and Reduction Reactions in the 
Flame. Use of the Blowpipe. 

To oh.servc thi‘ behaviour of substances as roj^ards their fusibility, 
volatility, and cajiacity to form a sublimate, small 
fflass luhra are used. 'J’hese are aliout. 7 to 10 cm. 
long and 5 mm. in diameter, and are rlosi-d at on(‘ 
end by fusion.^ They arc prepared h)' heating the 
end of the tulic in the hlowpijic flame until the 
sides for the hmgth of about I cm. have fused 
together, and then blowing gently into the tuhic so 
a.s to form a hull) of about 8 mm in iliameter. 

Cree must be taken that the walls of the small bulb 
are as uniform as possible; those in which the 
glass i.s thick(‘r in one place will easily crai'k when 
subsequently used. 

The behaviour of the .siihstanco in the llanie 
itself is studied cither by introducing it into the 
flatnc by means of a jilatinum uir<5 or by lieaiing 
it on charcoal in tlie blowpipe tlamc. 

The hlou'pipe (h’lg. 27) is a small instrument 
usually made of brass or (lerman silver. It was 
first used by metal workers for soldering (by blowing 
the flame), whence its name, ft consists ^f throe sejiaratc^ parts, 

* Cf. Part II., Chapter IJI., “ Notes on preliniinary oxaminatioih” No*<. 1 
to 5. 
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firstly tlie tube ah, wliicli may be j)rovidcd with a mouthpiece of 
luorn, tljroiigh which air is blown from the mouth; secondly, the 
small cylindrical vessel al (into which ah is lix<’d with an air-tight 
joint), which serves as an air chamber and collects moisture ; and 
thirdly, the smaller tube /(/,. fixed into cd at a’ right angle and 
terminating in a linoly jierforated jilatinum })oint, or, better, in a 
jierforated platinum cap //, which can be, screwed on air-tight. The 
latter a])])liance, the details of which are shown in Kig. 28, although 
somewhat more exjiensivc, is very much more durable than the 
foriiH'r. If in time the platinum cap becomes stopped 
7.']> it can usually be clean'd again by ignition. 

^ The length of the blowpipe must be such tliat in use 
the jioint is plainly visible; it is usually 20 to 25 cm. 

t A^ The nHUith]nece vanes m form. Some prefer om; wliich 
L\ is ]tla<-cd between the lips, and others a tnimpct-slKiped 
fci piece against winch the lijis are pressed. Blowing with 
the latter is much easier, an<l this lorm is, therefore, 
nsiially chosen by tliosi; who do nmeli work with the 

The object of the blowjnpe is to drive a continuous 
line, stream of air into (usually) a luminous flame. \\ hen 
the latter burns under normal conditions it will be seen 
I'' HI consist o) three jiarls, which an; similar, whether in a 
I':|H candle llaiue, as shown m t’lg 2‘.), or in a gas flame. 

firstly a (lark core aa m the centre, then a Inminoiis 

j’Ki. 2u. 

]»art efif surrounding it. and finally a faintly luminous zone 
licd which surrounds the whole flame. The gases wliich form the dark 
core camiol hum for lack of oxygen. Jn the luminous sjihere thi‘se 
gases meet with iusulliciont air for their complete combustion, jfoiiec 
it is mainly the hydrogen of the liydnx arbons which burns, while the 
carbon is separated in a glowing condition and causes the luminosity 
of this part of tlie llame. in the outer mantle, however, the supply 
of air is no longer restricted, so that tlien^ combustion takes place of 
all substances stdl unburnt. This part of the flame has the liighest 
temperature, and the maximum heat is attained at the extreme point. 
When oxuiisable substances are held in the point of the flame they 
arc very rajiidly oxidised, because the necessary conditions of high 
temperature and free access of air ari^ presmit. lienee the exterior 
part of tlio flame is tenved the Jlmiic. If, on the other hand, 


oxidiseij suhstaiiees which liave a tendency to pait with their oxygen 
are placed in the luminous part of the flame, the opjiosite conditions 
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hold good, i.<’. th<5 sul).st;uic(^s 1 <)ho, their ox'vgen. wliich in taken from 
them by the oarI)()n and still iinburnt livdrooarboris in this ;^one, 
and are thereby rc'dueod. The luniijious ])art of the flame is thorcforo 
termed the rt dnciii<i jhnnc. • 

When a tine stream of air is introdiieed into a flanu' from the side 
it first alt<‘rs the form of the flame, which no longer burns straij^lit 
upwards, but becomes small 
and ])ojnted in the dir<*ction to 
wliitdi it is deflecfed by th(^ air 
current, and in fhe second ]ilace 
it causes combustion to take 
plai'c not only in the outer zom* 
of the flame, but. also within it. 

Since this has f lie (>lTe( t of rais- 
in;.’the temperaf nn* of the flanu^ ^ 
considc'iahlv, tin' (‘\l renu'ly ener- 
c<‘t.ie. action of th(‘ )dow[»ipe 
flame can be readilv understood. Th<‘ position of tin' blo\vpi]te 
and the manner of blowing must he \arie<l according to whether a 
reduen)!} or (uubsuKi act ion is reepnred. 

The flame is produeiMl eitlnn- hy means of candles, as mentioned 
above, or espeeialiv by means of small paiaflin oil or wax lamps with 
wieks cuf at an angle (the.si' wax lamps being luxated ovc'r a spirit 




Vui. ;fi. 

lamf) or gas flame until tin' wax iindts. and is then kept tlnid by the 
heat of their own flanu'), or a luminous gas flann' may be obtaiiu'd by 
burning the gas without admixture with air in a tube with a nattened 
top 1 cm long and l.*> to 2 mm. in breadth, w’hieh is cut at an angle, 
as shown in Kigs. .‘iO and .‘U. Kither special gas hlowpipt* hiirners 
limy ho used, or a .slightly narrower tube 17/1 (Fig. 2 i, p. 7(>) may he 
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placed on the tube of an ordinary Bunsen b'urner, so as to close the air¬ 
holes. The use of j^as burners has tlie advantage that the height of 
th^; flame can be regulated. A convt'nient method of keeping the 
blowpipe steady is to fix it upon a imwable metal .support, such a.s, 
c.g., the ring of a retort stand. 

The flame re(|uired for reduction is shown in Fig. ‘10, that for 
oxidation in Fig. .'11. To produce the mhuhav favir the l)low])ipc is 
held in such a way that its ])oint tom lies tlie <‘dge of the flame (which 
must not 1)0 too low), and a mod(‘rate blast of air is blown into it. 
Under iliese conditions there is only an iucoin|)lete admixture of air 
with the gas, ami between th(“ inner bluish zone and tin* outer barely 
pcrcM'otiblo part of the flame tlu're is left a luminous and reducing 
zone, hottest point of which is a little in front of the ])oint of the 
inner cone of the flame. The o.ridatioti is obtained by intro¬ 

ducing tlie |)oint of the blowpi])e a litth‘ further into the flame, which 
is kept lower than Ixdore, and blowing morc^ strongly into it. This 
causes the air and gas to mix intimately, and there results an only 
slightly luminous flame cone, surrouiuhsl by a narrow jiointed pale 
blue, barely perceptible, mantle. 

Blowing must be done only by means of the muscles of the 
cheeks, and not with the lungs. After a little cxperieiu'e it is not 
diflicnlt to breathe with the cheeks distended, and, wlien once this 
can 1)0 done easily with the blow[)ipe between the lips, only a little 
practice is recpiircd to ])Toduce uninterruptedly a .steady uniform 
flame. 

Instead of b(‘ing blown wdth the mouth, the blowpipe may be 
attached to a gasometiT or small rubber bellow's or other constant 
source of air supjily. 

Wood cliarcixd is tb(‘ material u])on wbicli the substance to te 
tested in the blow])i]ie flame is generally placed. 

The hlowpijie is fre((uently used when-it is required to reduce a 
metallic oxide or the like, or to test the fu.sibility of a sub.stancc. 
The material under examination is jilaced in a small shallow hollow 
scooped in the charcoal by a circular motion with a knife, metal tube 
(cork borer), etc., or the lower end of the blowpipe d (Fig. 27). If 
the hollow' is made too deej) the snbstaiux* to bo heated is not brought 
into proper contact with the flame. Metals which arc volatile at 
the heat of the reducing flame volatilise partially or completely 
during the reduction. The metallic va])ours are burned to oxide again 
on their way through tlfe outer flame, and this is condensed round 
the material being tested. When the condensation is pronounced 
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it is tcnned a deposit. Many deposits have characteristic colours, 
by means of whi(;h the metal can he recognised. 

Charcoal selected for this pur{)oso must be well carbonised, sinSc 
otherwise it will cle(“re])itate and spoil the test. Tlie charcoal of pine, 
lime, or willow is much better than the charcoal of harder kinds of 
wood yielding more ash. Smooth pmces are chosen, since parts 
containing knots (l(M‘repitate when heated. The small blocks of wood 
for the (charcoal arc pr(‘ferably sawn from mature, recently cut pine 
wood in rectangular j)icces; if dust is blown from the charcoal it 
will not soil the hands. Only those sides are used which show the 
annual growth rings on edge, since on the other sido.s the fused mass 
will s[)read over the surface of the charcoal (Berzelius). Artificially 
]>rej)ared blocks made by comjuessing wood charcoal powlicr into 
suitable shapes are now to be bought, and form a convenient, clean, 
and excellent sul>sfratum for blowpi])e te.sts. Blocks of compressed 
charcoal, which, owing to the addition of nitre or the like, continue to 
glow by themselves, ar<' unsuitable for the ])urpose. The character¬ 
istics which nnike wood charcoal so valuable as a substratum in 
blowjupe tests are as follows : (1) Its infusibility ; (2) its slight heat 
conductivity, wliicJi imables a substance to be heated more strongly 
on charc.oal tlian on any other substratum; (d) its ])oroHity. which 
causes ri'adily fusible siib.stances, such as borax, sodium carlionatc, 
etc., to be idisorlx'd, whilst infusible substances remain on the snrfaco ; 
(4) the readiness with whicJi it reduces oxidised sub.stances, so that 
it assists the rciluction of oxides by the inner blowjiipi^ flann*. 


In testing tin* behaviour of substances in the flame of a Bunsen 
bprner the material is introduced into the flami* with the aid of a 
■plalinum wire. 

Wire of about the thiokness of thin piano wire is used for the 
purpose, one end b<‘ing firsed into a piece; of glass tubing as a holder 
(see Fig. 33, p. 89), whilst the other end is bent into a small loo]). 

In the case of fusible substances the end of the wire is lieated 
and then dipped into the powdered material, so that it retains a 
certain proportion of the powder. In testing infusible substances 
the wire is moist,ened with water before being di]»ped into the. powder, 
and the adhering mass slightly dried near the flame before being 
introduced into it. Dec.repitating sulistances are first ground to as 
fine a powder as jiossible, then absorbed by a moistened strij) of filter 
paper with an area of about 1 sq. cm., wliich is cautiously burned 
between two rings of fine platinum wire. The substance to die tested 
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is then left as a ooluTcnt crust, w}ii(;h <‘au be introduced without 
difficulty into the flame. Liquids are tost(Ml l>y dippin^^ tlic loop of 
ptatinum wire into them, and evaporatinjr tlic adherent dro]> in the 
vicinity of the flame witliout allowinj^•it to boil. If platinum wdre, is 
attacked by the sul>.staiice being tested, an asbestos lihre. the thi(L'- 
}i(‘ss of which must not exe.oed a fourth of 
that of an ordinary match, may be used. 

if sulistauccs are to Ix' exposed to the 
flame for a. longer time, a stand (Fig. ^12) 
is used. Tlu“ sliding suj)|iorts A and P 
can he readily movi'd ii]) and down and 
sideways ujion the rod A lias an arm a. 
U|ionwhicli is resied thi' small glass tulxi 
into w’hich th<^ ])latimim wire is fiiscxl 
(Fig. 32), and also a liolder for tlie glass 
tube h witli f he aslx'.stos filu’os d. H has 
an arm with a clam|) for liolding the test- 
tube, wliieli is U) belieatod fora eonsidcu’- 
abl(5 tim(‘ in a didinite ]>art of th<‘ flame. 
'I’he upriglits on the disc C at the t()p 
are su)»|)orts for tlic glass tuhes wdth 
])la1bium win^s. 

Re(Imdi<m tests in tlie flame ol the 
llunseii burne.r are made either with suit¬ 
able reducing agents in small tliin-walled 
glass tubes, or ])y means of charcoal 
sticks, f'i'hoso char<‘oa,l stick reactions 
are a .sii]»stitut(‘ for the blowpipe r''- 
duction tests on charcoal.) Tiny are 
jirepared in accordaneo witli Bunsen’s 
suggestion hv melting an unweathered 
crystal of scxlinm carbonate in the flame, 
and smearing a wooden mateh-stick (with¬ 
out its liead) for about tliree-quarters of 
its lengtli witli the resulting semi-solid 
mass. If the match is llien slowdy turned round and carbonised in 
the flame a crust of solid sodium carbonalt* is formed, which wdien 
it is heated in the fusion area of the flame melts and is absorbed by 
tlie charcoal. A fraguumt of the sub.stance undc'r (“xamination (about 
the size of a small millet .seed) is made into a paste with fused 
sodium carbonate and applied to tlie end of tlie charcoal stick, which 
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is to a (iertain (‘xtont prevented from burning away by its sodium 
carbonate glazing. The point i.s insortod into the oxidising llamo 
until the mixture melts, and is thou passed through a portion of 
the dark area of the llainc jfkto the opposite liottest part of tlio 
lower reduction area. Tlie time for tiie reduction test is indicated 
by tlie ebullition of tin' sodium carbonate. After a few moments tl»e 
test is interrupted and the su]).stance allowed to cool in the dark core 
of the flame. Finally, th(‘ end of tli<i e]iar(u)ai stick is scraped oft' 
and ground up with water in an agate mortar, so as to obtain tlie 
reduced metal in .small [larticles, wliicli, aft<‘r removal of the cliar- 
coal by wasliing liy elut riation, may lie submitted to furthc'r tests. 

Vo/aft/r elements capable of naiuction from thtur com]Kiiinds 
by means of hydrogen and cliarcoal maybe separated ami 
depositi'd in (‘h’liicntarv form or as oxides upon porcelain j 
Tlie di'posited mass isthick in tlie middle, wliilst at-tJie edges I 
it becomes a sort of “ l)lt)om " For further identification it I 
may be convertial into iodide, snlpliiiie, or other compound 
These reactions ar(‘ so sensitive that tiny can freqmmtly be 
produced by 0 I to 1 mgrm. 

A imdallic. (h'posit is olitaiiu'd bv int roducing a ])incb of 
tlie snbstanc(‘ on an ashestos fibre into a not too extmisive 
reducing flanu', wliil.'.t with the olJu'r haiul a tliin-wallcd 
oxt«‘rnally glazed porcelain basm, 11 to 12 cm. in dtametei. 
filed with cold water, is hold above tlie ashestos fibn* m 
the U])per rodueing flam(‘. The metal is tlius s<‘j>arat(‘d Fk: .xa. 
as a dull ])laek or sliining deposit. 

Tf. however, the porcelain dish is held m tlie up|»er oxidation area 
of the flame, deposits of oxides arc obtained. Tn order to ensure 
tlieir formation when the amount of material is very small, the size 
of the llanu' slmuld lie correspondingly reduced. By breathing on 
the disli upon which the dojiosit of oxide has formed, and ])lacing it 
in a wide-mouthed vessi'l. provided with a closely ftting stopper, 
and containing fuiiiiiig hydriodic, acid, togetlier with some jdio.s- 
]ihoric acid and nu'lted ])hos])]iorus tri-iodide, the dejiosit of oxidi^ 
i.s converted into iodide Should tin* liydriodic, acid have ceased to 
fume, owing to the witlidrawal of water, this property may be 
restored to it l>v the mldition of a little pliosjdiorus pentoxide. By 
exposing the iodide depo.sit to a cuiTeiit of air containing annmmium 
sulphide and breathing upon it from time to time, and f nallyremoving 
the exi‘<‘.ss of nnimonium su1]»hide ]>y gently lieating tlie porcelain 
dish, the iodide dejiosit is converted into a deposit of sulplude. 
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When considerable quantities of rediuition deposits are required 
for further tests the porcelain dish is replaced by a test-tube half full 
oPwater (D in Fig. 32). The fine asbc'stos fibres, with the substance 
attached, arc then brouglit by mean-? of the arm supporting the 
glass tube h into such a position, thiit they arc level with the middle 
of the upper part of the reducing flame. The arm B is then moved, 
so that the bottom of the test-tube, which it supjKuts, will be direc-tly 
above the a.sbestos fibres d, and finally tlui l)urn(‘r is phu^od below the 
test-tube. The .substance is now introduced into the reducing area, 
and tlic metal <lej)osit will be form<;d upon the bottom of the test- 
tube, in which some fiagmetits of niarl)le are placed to jnevent bump- 
ing when the water boils. Ry rc]>eatmg the operation a d(‘posit of 
any deffTicd thickness may lie obtaineil. 

Se('. 21. 

19. Bead Tests in the Flame. 

The reactions old.ained in fused gla.ss fluxes constitute a sjiecial 
form of dry tc'.sfs. If a salt of pho.sphoric acid (sodium ammonium 
hydrogen jihosphate) or borax is fused in a loop of platinum wire 
(Fig. 33, p. 8'.)) (and for tins jmrpo.se a somewhat thicker wire than 
is there de.senbcd i.s preferable), a colourless Jiead is obtained, and 
this will dissolve metallic oxides or metallic salts, especially those of 
volatile acids to jiroducc characteristic coloured fluxes. The colour 
of these frequently diff(!rs, aceording to whctluir the mixture was 
heated in the oxidising or reducing llanie. Under certain conditions 
enamelled opaejue beads are obtained or, in the case of silicates, such 
as are turbid through the separation of silicon dioxide, hi making 
the test the Iooj> of platinum wire is heated to redncs.s and then 
dipped into the jiowdered jihosphaie or borax. The reagent partially 
melts and nmiairis attaclu'd to tlu' wiri*; 'and wln-n then heated in 
the flame, the phosjihate frotlis and loses water and ammonia, and 
leaves a residue of soduim metapliosphate 

(NaNll 4 ll? 04 -NH:rf H^O+NaFOg). 

The latter can combine diree.tly with metallic oxides to form ortho¬ 
phosphates, as cjj. OiiO-f NaP();}'^CuNar() 4 . In the ea.se of salts 
of volatile acids the acid anhydride esea[ies, and ortliojihosphatc is 
formed in the bead: Co(NO;j) 2 TNaPOy- (loNaP 04 -|-N./)r,. 

Borax on fusion loses'its water. 'I’lie dehydrated “ borax glass,” 
Na 2 B 407 ,* can also combine directly with oxides or expel anhydrides 
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of volatilo acids from thoir combination in salts, being itself con¬ 
verted into inctaborates. Thus, for example : 

(!u() l-Na^R 4()7 --(::ii{B() 2 ).^+ 2 NaR 02 . 
or ('u(’(>;j [ Na.lVl?’- <'i>(i^ 02 ) 2 +-NaB() 2 +C’Oo. 

If gas is not availa])le head tests inav also be made with the aid of a 
blow[ii(>c and a spirit lam[). 

Ski;. 22. 

20. Observation of Flame Coloration. Spectrum Analysis. 

The va])ours of many substances emit, in the glowing condition, 
light of difl'erent colours. 

Tn the case of salts the colour usually depends upon thv metal 
{jrcsent, and is cliaracteristi<; of it 'riiere are, however, also cases 
in whi(^li the vapours of dilVenuit salts of the same metal are of 
different colours, as c //. in the case of the chlorine, bromine, and iodine 
com])ounds of copper. 

When a small (piaiitity of a volatile com])ound of such a substance 
is introduc<‘d into a non-luminous flame, it is possible at once to draw 
a conclusion from the ri-sulling //ume: coIoKdfon as to the nature of 
the substance ; in many cases tins may be conclusive, wliilst in others 
it affords a definite basis for furtlim' deductions. 

Thus, for cxanijilc. sodium compounds jmjiart a yellow coloration, 
potassium compounds a violet, ami lithium compounds a carmine-red 
coloration to the llame The flame of a Bunsen burner provided 
with a chimney is especially suitalih; for such observations. {CJ. 
Kigs. 22 and 20, pp. 77, 81.) The substance to be tested is 
introduced by means of a small loop in a platinum wire fixed in a 
suitable holder (Fig. 32, j). 88, or Fig. 34) into the fusion area of 
the gas flame. 3’hc salts of alkali and alkaline earth nudals colour 
the flame to a pronounce<l extent. On comparing the salts of the 
same metal it will lie found that each salt, providi'd it i.s volatile at a 
Iiigh temperature, or at all events allows the metal to volatilise, 
differs only in the intensity of its coloration, the most volatile pro¬ 
ducing the greatest effect. Thus, for example, potassium chloride 
gives a more intense colour than potassium carbonate, and the latter 
a more intense one tlian potassium silicate. In some cases the 
coloration of the flame may be promoted or intensified by the 
addition of a substance which decomposes the sparingly volatile 
compound. For cxamjilo, in the case of sihf’atc.s, which only contain 
a small percentage of potassium, that metal cannot be directly detected 
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by the /fanit! tcsf;, /mt- on tin* a(l(]iiion of a liltio ^V 2 )siin) f.Ijo coloration 
iff produced, owin^ io the fact tliat it results iii tlu; formation of 
oMcium silicate and of sufficient!v \a)latile potassiuiu sulphate. 

But. since the c,()l(>rations which dilhu'ent .suhstanc.es imj)art to 
the flame are .sometimes v<‘rv similar, as, fur example, the red 
colorat.ions prodiu'ed hv lilliium and strontium compounds, or the 

violet colorations produced hy 
)H)lassium, ciesium. and ruhidmm 
compounds, and sine** tin; simul¬ 
taneous ]ires(‘nce, of several silh- 
stanci's colourin;,f tlu'. liana* impart 
a mixed (‘olour, whilst the^n'ater 
luminositv of oia* ylowin;^ vapour 
may eomplideiv mask the colour 
of t h(‘ vapour of another, it is for 
those reasons fretjuently imjios- 
sihle to draw any certain conclu¬ 
sion from a siin[)le ob.s<*rvafion 
of a (lame coloration. 

'riiis drawback may ofti'ti he 
ohviati'd. partially at all events, 
l)V ohsi'i'vinji the flame colora- 
ln>n, not with the naked eye, 
hut t hroiij^h a b<jlil filter, usually 
coloiiK'd jrlassi's, and hy this 
mi'ans ahsorlnne the li^ht pro- 
duei'd by ceitain vajtours in a 
mixture; or tln^ dilTerentiaticpi 
of till* kinds of liifht emitte<l hy 
dilTerent. kinds of vaj)oiirs simul- 
taneoiis4y jiresent may ho oih'cted 
Fm. :U. hy means of spcclnrin anah/sis, 

as descnlx'd below. 

8ine(‘ tin* latter method is inlinifc(*ly superior, all that need he said 
about the former is that some recomnn'ud for use as light filters 
liollow prisms which have aciiti^ angh's, and ari* filled with indigo 
or potassium permanganate solution, thus allowing the flame to be 
viewed through any desired thickness of coloured ru[uid, whilst otliers 
have ])r(>poscd the use of coloured glassi's for this ]mrpose. 

These consist of a blue, a violet, a red, and a green glass. The 
blue gluvS# is coloured with colialtous oxide, the violet with manganic 
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oxicio, tiu? H'd l)y ciH)rou« oxide, and ilie ^a'een hy ferric oxale and 
cnprie oxide. Tlie varieties of j^Iass which can l)e bouj^lit fur the 
decorative treat nient of windows are nsiiallv of tfie rij:lit sluKh's. 

d’he appearance of t in; flain?*s coloured hv tlie va]K)iirs of dilTereiit 
substances wfien vi(‘wed tliroiicli these screens, and the combinations 
of screens to 1x5 nsesd for tlio detection of the individual substances, 
are described in t he second part in connection with the corresponding 
reactions of cations and anions. 

Siteclniiit (inalf/sis, tli(5 second nu^tliod for th(5 sjKM-ial oliscrvation 
of flame coloration, is of miudi greater delicacy ami value, and is a 
[ihysical process of investigation, the fumlamental im])ortanc(‘ of 
which extends far beyond this jiarticular object. 

It is based upon tlie principle that, the light emitted froin'a source 
of light, or transmitted through a. transparent substance by wliich 
it is ])artially absorbed, is dccomjioscd bv means of prisms or gratmgs 
into its dilTercnt fractions, so that tin* natuit* and intensity of tlx'se 
can l)(i furtluM- mva-stigutcd. Jn so far as tlic nature ot the emitted 
or absorbed light di'pcnds upon th(5 cluMuical composition of tlie 
luimnous or transparent substance, it is possibli' l-o ilraw (‘xaid 
c-onclusions as t<) iho constituents of the substance iii (pu-stion from 
the kimls of light occnrnng in its sjiectium. 

Light IS produced by cIcctro-inagiudH^ vilirations, the wave 
lengths of winch for the rays visible to th<‘ lye vary b(‘t\\<‘cn too 
ami 8t)() millionths of a, mil!ini(dr(‘ (I niillionlh part ot a millinictrii 
is written /x/t) h]ach vihration of dctinitcj \v.t\c length produces a 
definite sensat ion of colour in our <‘ves 

fn the casi* of liimiiious substances th<* conditions for tlic rate 
<d transmission ol tiu' cnntti'd light ra)s in dillcrent imalia, r//. air 
and glass (tluur r(‘fiangibihty), vary with tlie wave*. Icngtli. Hence, 
in [)assing through a (glass) prism they ai(‘ la*ut (icfractcd) from 
their course to a dilVercbt. extent. The longer tlic wave lengths, 
the less the refraction of the rays, and iici- rctsK. 'I’Ik' red rays 
show tJie least, ami tlu* violet rays tin* greatest relraidion. 

When a gioup of jiarallel light rays is madt' to ]^ass tliiough a 
prism 1 and then n'ceivcd upon a screen or imuh* to enter a Iclcscopc 
tube., tlie group of ravs tlum jiroduces an image {■sjirdnaii). in <‘ach 
part of wliich only light of definite wave hmgtlis {i c of the same 
colour) is pri'sent. 

If the pencil of light contains ra\ s of ditTeruiit refrangihility the 

* The imnlegous action of a urafing in rofracting light iieecf not Ijc described 
h?re. 
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upcctrum, compared witli the original pencil of light, will appear 
extended and decomposed into the different Icinds of light. 

Incandescent solid and hguid substances .show continuous spectra, 
i.e. those which show light of all the possible wave lengths helween 
the two ends of the spectrum, ^leginningat the red end,and c.vtending, 
to a degree increasing with the temperatnri’, to t he violet end. That 
is to say, the kind of light cndtt(>d by them <le[>cnds, not upon the 
sub.stance, hut only on the temperature. The appearance is similar 
to that of the sjicctrnm of the snn, represented in 1 in tins table of 
spectra, cx('e|)t that the dark lines seen in the latter are lacking. 

On the ifthcr hand, incandescent gases or nijmurs, or rarefied gases, 
into*i"hich an electric current of high voltag(^ has been discharged, 
and fluorescent siihslances emit oidy light of certain, definite wave, 
lengths, characteristic, of the substance in ipiestion. 

On this account such light show.s a spe.ctrum containing several 
(sometimes very many) liiu's which, under the same conditions 
always occur, in the case of one and the same, substance, in the same 
positions in the sjx'ctriini, and thus enable that substance to be 
detected in a luminous body. (Oyi Table of iS]iectra, 2 to II.) Krom 
an observation of the specirnm it is, therefore, also piassible to 
recognise without ddhcnlty each individual in a mi.xtnre of sub¬ 
stances im])arting colour to a flame. Thus, for e.xample, a flame 
into which a mi.xtnre of salts of potassium, sodium, and lithium is 
introduced shows the comjilcte spectra of the individual metals 
associated yet distinct. 

Each separate line corresponds to a sjieciiil form of wave motion 
produced by an electrical |iarticle vibrating in the atom, lienee 
the study of spectra enables conclusions to be ilrawn concerniilg 
the construction of atoms, analogies to be traced between elements 
which arc also related in other respects, atomic weights to be 
determined, etc. 

In qualitative analysis sim|)le spectroscopes, which allow the 
whole of the field to be seen at once, are generally used, and they 
arc mainly used for the observation of the bright lines. 

Fig. 35 rejiresents a laboratory spectroscope, as designed by 
Bunsen and Kirchhoff, the founders of spectroscopic analysis. 

The prism P is clamped to the middle of the plate supported by 
the stand of the apparatus. The tube A has its end away from the 
prism closed by a plate, pi which is a vertical slit, the width of which 
can be regulated by means of a micrometer screw. The light to be 
examined (the flame F) enters the apjiaratus through this slit, is 
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rendenid jiiirallel hy incan.s of a Ions iit tin', ond of A next, to tlio 
jirism, and falls ujion Iloro it i.s so dofleotcd that it roachc.s tlic 
telescope B, in which the spectrum apjiears. The tube C has Its 
outer end closed with metal foil, in which is cut a horizontal slit. 

This tube also ha.s a lens at the end next to the prism, whilst 
within it, at the foeus.sins point, is a f^la.ss jilab' oi\ which is a 
photographically reduced millimetre scale. When this is illuminated 
by a light placed in front of the slit of C the prism acts as a mirror, 
since B and C are fixed at the .same angle with regard to the surfaces 



of the prism, and an image of this .scale i.s therefore projected into 
the telescope, and in the, same plane in whii h the spectrum lies. 

If it i.s required to compare two sjiectra simultaneously in the, 
apparatu.s, an appliance (a comparison jiri.sm) may be placed in front 
of the slit of the l.uhe A which covers the lower half of the. slit, and 
transmits light by refraction or reflection into the collimator A from 
a source of light at the side. 

Spectroscopes with direct vision are more, handy for laboratory 
purpo.ses. The principle, used in the construction of these instru¬ 
ments is that instead of a single prism a combination of several 
prisms of glass of different dispersive power (i.e. of colour dissociating 
capacity) is employed. These prisms are so arranged that light of 
mean refrangihility glasses through them undis.sociated, whilst rays 
of short wave length are refracted in one direction, and’ rays of 
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long wave length in the other. Fig. ,'!0 represents the simple.st form 
of these direct vision instruments, devised by Browning, the so- 
called pocket spectroscope, the illustration being about two-thirds 
of the actual size. Behind the ojienbig 7 on the left-hand side is a 
slit which can be made wider or narrower by turning the projecting 
studs. 'I'lie lens, although jifaced witliin the limit of vision in front 
of the ocular opening, brings the image of the slit sharply into the 
field of vision. Cr and El are jirisms of crown and flint glas.s ri'spec- 
tivcly. The ajiparatus of Vogel' and of Beckmann,- which arc 
]irovidcd w'ith a niimbor of subsidiary a]>[iliances {comparison 
prisms and^a sejiarate tube for the scali'),arc based upon the .same 
princ.i])le. 

In'ftie instrument of Bunsen and Kirchholf, described aliovc, the 
exact ]iosition of rays of definite refrangihility in the spectrum is 
determined by means of the .scale |U'ojeeted from the tube But 
dillerent apparatus will only showjhc saiiie, degrees of refraction in 
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the same positions when their prisms have the .same refractive and 
dispersive jiower, /.c. are made of the, .same kind of ghess and have 
the same angle. 

The method of indicating the different kinds of rays by their 
wave lengths is independent of any particular apparatus (or of e.xac.t 
details in the method of employing it). In order to be able to do 
this from the jiositioii of the lines 111 the, scale, it is necessary to 
standardise the instrument upon wave lengths. F’or most jiiirposes 
this may be done by deti'rmiiiing the position on the scale of definite 
lines of known substances, the wave lengths of wdiich are well 
established.'* Another method for the orientation of the lines in the 
spcctrtini may be used instead ol coinjiansoii with the scale. For 
cxamjde (as shown in Fig. .‘>.'" 1 ), the light from a flame coloured by the 
vapours of a known metal may' be introduced into the instrument 
through a comparison prism, which is jilaced in front of one half of 
the slit, and the resulting s]iectriim is coni))ared with that produced 
by till' light entering directly into the other half of the slit, and which 

* ikr., 10, 1428; Zeitsch. anal. Chmt., 17, 1H7. 

< ^ Ikr., 36, 1984. a Cf. Table, p. 97. 
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is derived from a fiame in which the substance under exaniin.ition 
is vaporised. 

When reflected sunliglit is umde to pass thiough the slit of tile 
spcctros(a)pe there is produe<*cl a contiiiuoiis speetnnu, slu)wing the 
colours of the rainbow, and in (Ins numerous dark lines may be 
distinguished ((/. 1 in chart of sjxa tra). These dark lines -• Fraioi- 
hoftrs Irncs- oceaipy definite positions in tlie spectrum, and henei' 
afford trustworthy points for the oricniation of oth(*r lines, as, for 
example, by simultaneously admilting th(‘ light from tlu' (lame undc^r 
examination and from reflected sunlight into the two halves of the 
slit. The explanation of tliesc lines is that the body of tb<‘ siiii in 
a state of molten heat transmits ravs througbtlu' solar atmosphere, 
which prodiu-e a continuous spectrum Tlu‘ gaseous siib.--lanc<‘s 
which composi* this al mos|i}icrc wcmhl themselves |iro<lui‘(> light, 
spectrum lines, were it not. that thev ahsoib from the whiti' sunlight 
those parts with lln* same wave lengtlis as (hey 1 liemselves emit, and 
thus produce the bl.n k liiu's 

The latter, thendony show exaetlv the same refrnngilnlit.y as the 
hright- lines in 1 lie s|)ertium of this vapour. Il<‘nc(‘ Frauiihofer's hues 
may he used for staiidaHlising the scale of a s|)ec1 roseop(y or for th<‘ 
orientation of the wave lengths of dilTcrent parts (if t.h<‘ spectrum. 

The following wava* lengths corresjamding to the iiright lines (or 
Fraunhofer's liiu's) of dilTerent (‘lemmits hav<‘ been deteimiiu'.d : 


Wwi’: Lknoi’iis <jf nun Ordixaio Kj.nds of Lioirr: 


P<jtaHRium tt 7(U) j 

Litlmun a 57(1 8 ,, I 
Sodium J), 58!) (\ ,, ) 

S,,lnm, n, r„S!IO„ v""""' 

Thallhini . I gnen 

StioTitiuin 8 ((iO 7 Iiliic , 

l*(>(ussiinu y8 lot-1 \ ml( I, 



FinUNUOFiat's Lines. 


A 

Air . 

. 7(X)-4 /i/i 


MagncMmii . 

517-81 /i//. 

II 

Air . 

. fiH(V74 

Ci 

Iron 

5l(;-77 „ 

<! 

Hy<lrogen 

. (ioG-.'iO 

F 

Hydrogen 

180-15 .. 


ScKliinn 

. 581)02.. 

a 

Iron 

CJOHO „ 

IK 

Sodium 

. 589-02 

h 

HvdroLa-Ti 

no 20 .. 

li 

Iron 

. 520 97 

n 

Cafcnim 

:mo80 „ 




K 

(’alcium 

39:o:{H „ 


( 
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To obtain tlie su])sian((‘ under (.‘xaniination in tlic fonii of in¬ 
candescent va|iour, tlie UKUiil metliod is to proceed as descrilicd almve 
in connection witii the oliservatioii of liainc coloraliinis, i.c. a small 
quantity of tlie snbsianec is introdiKfcd on )»lidmuin wire into the 
fusion area of the llamc ol a Bunsen burmn- {ft in Bio oG. p. 81). 
(rreatiT luminosttv niav often Ife oGtained by nioistciiino Hie substance 
with a drop of ji)(hocliloric acid, since' cldotMles are as a rule ])ar- 
ticularlv volatile. Insl(*ad of vaporisino tlie substance* on [eiatinuni 
wire* llie* iiH'llieid eil E. /)e’(7.v/'uac ' iiiav be* ad(epte*el. in which a 



Flf! .37. Fie;. :]S. 


solution ol tlie* substance's is convcrtcd.intei line spray, wliicli is 
conducte'd into the’ flame ]>y means of a curre*nt of oas or air. 'I’his 
fine distribntmn ed lie* li<}niel is most sim})K e*lb‘e*}(*d liy fore-ino a 
Idast of air llueuijili a poreuis siibslance* in v<*r\ fine bubble's into the* 
liquiel, or by th<‘ j;e'nera1ion of an iiu'rt. ojis, siiedi as ]j\dr()oeii anel 
oxyj^en by electrolysis or hyelroocn from zinc and sulphuric acid, in 
the solution uneler examination, hi^s, 37, 38 and 30 show two forms 
of JVekmann's “ atomiser,” in both of whicli hydrogen is generated 
in the vessels below the special burners. 

For a longer observiUioiis of the coloratiem which the chloride.s of 
’ Zrihrh. jihi/siof. Clum., 57, 649. 
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heavy raetal.^i ini]iart to the /[aino, one may oiUuT adopt tlie iiiethod 
of A. Mitschcrlich, in which the metallic cJilorido i.s heated in tlie 
])ull> of a tube drawn out and h<‘nt at ii<fht ani^les, whdo a current 
of liydrogen is ])assod through the tube and .sul)se<|uentlv ii^nited ; 
or the a])paratus (h^si^ned by //. yo<fel for use with ordinars^ ^uis, 
and represent'd in Kig. lO, may be iise’d. 

Tin' gas is introdiiee<l llirough /•, passes tliroiigli x into the glass 
Tbinsen bunu'r (L wliidi is su])])OT't('d by the wire and, if the 
l)urner is [)rop<'r]\ ('(instni( t*<l and arrangc'd, burns wK.li a snudceless 
flame at a. ()n now heat ing tlie snbstams'm tin* tube at p, the flame 
soon shows a lasting coloralion corresponding to the chloride present. 

In aihlifion to volatilisation in the flame, it. is also po.ssilile to 
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produce, iiu'andi'scent vapours by volatilisation by means of <‘lectric 
sparks or in an arc light.' Tin' sjicetra of these, corn'sponding to 
temperatures dill'erent from thos(' in thi' case of flame sjx'clra, show 
considerable, variations from the latti'r. In eonneetion with spark 
Rpeetra. rpferene<‘ may be made to the exhaustive eomiminieation 
on tho sulijeet by It. Ibinsi'ii {Zvilsch. Cl/rhi., 15, tiH). Tt is 

not possible to give hen' any description of arc-light sjH'ctra, 
Huorosccnce spectra, or the spi'ctra of gasi's, especially those in a 
raretied eoudition. w hieh have' received an <*leetrie. di.seharge Further 
details eonccrniiig flame and sjiark spectra will be found in works 
dealing specially with the .subject, c <j. Kayser's Ua'tulhuch ikr 
Bpehroskofi*’, or Kind Baiir’s Spektroskopk vml Kohrimehit:. 

' A simple apparatus for tho production of arc spectra has lieon described 
by Ivieaenfeld and Pfutzer, Her., 46, '-M. 
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Spe(^t<ruin analysis is not only applicable to the examination of 
auto-luminous vsubstanecs, but also affords a means of deterininiu^ 
the absorptive eapacity of trnnsjiarcnt eolourod substances towards 
light rays of different rcfran;;il)ility. Iind, since tliis depends upon 
tlie composition of the substar^ce, ol investigating tlie latter. 

When white light is made to fall ujion a colourless transparent 
substance it is transmitted with uniform brightness as jcgarcls all 
its rays (IoIouvimI sub.s1anc(“s, howeveu', sto]) the passage of rays 
of a certain wave Imigth to a varying exteni.. Tlie transmiltod rays 
no longer unite to form white, but form a mixeil colour, the body 
colour of tli<‘ substaiice in <piestion. 

U Jjie light from such :l coloured transparent substance is 
decomposed by the jirism of a sjiedroscope into coiiijionents of 
diiTcrent refrangibility, the s])ectrum when compared with that of 
white liglit {(’.y. sunlight) a^ipears not so bright in certain places 
This may be manifested in the form of si'jiarato narrow lines (as 
in the case of Fraunhofer s lines or, in fact, of the absorption lines of 
gases or vapours), or in the form of somewhat faint shadows, which, 
in the ease of the same substatice, always a])pcar in tin' same parts 
of the spectrum, hut vary in intensity with the dojith of colohr ol 
the substance under examination, or, in t h<i case of coloured solutions, 
with tlie concentration. Tln^ more distinct and sharply defined the 
dark stripes, tlie more readily can a substance be identilied liy its 
absorption spectrum. Jn certain eases {ej/ tin; detection of carbon 
monoxide in blood) an examination of the al)sorption spectrum is of 
great importance. 

For the examination of their ahsoqition spectra Ihpiids are 
introduced into vessels witli piiralhd sides. whi<*h are placed lietwa'rf'ii 
the slit of Ihe S]»ectroK(a)]»e and a strong source of white light 

If, on the addition of other sub.slancc's, solutions show alterations 
in colour, these may also he followed with the aid of alisorjition 
spectrum analysis, which will in this way enahh' nncoloined suh- 
stano(*s also to hv identilieil i’aTti<'nlars of this method are given 
in a d(“taih‘d communieation hv Fonuavrk upon the detection of 
metallic salts by means of absorption spi'ctrum analysis with the 
aid of alkanet [Zeilseli. amil. Cliein.. 39, fOD). 

The special literature must also Ix' (‘onsultcd in connection with 
the subject in general. It may be mentioned, however, tliat Fritz 
Weiffcrt'^ has devised a^method of greatly increasing tlu* sharpness 
of oliservation of a])sorption spectra, by determining the Inighiness 
‘ Bcr.. 49. HOB ; Zntsfh anal. Chem., 56. 108. 
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for rays dilleroiit rcfraii^ibihty and jilot tiiif; I lie results in a curve. 
Tliis Inis, iu tlie ca.so, of over)' sub.staiiee. an absolutely deliiiite form, 
which can be e.x]iri'SKed iminerically, .so that a more exact objective 
de.scription of a substance cah be ^iven than the statement that its 
s|»ectruin shows a faint shadow in a delinite part of the .spcctniiii. 

Hkc. 2.3. 

21. Use o£ the Microscope. Microchemical Methods. 

It was .stated at the end of See 1 (p. .'50) that the microscope 
is Ireqiiently used for the examinalion of small crystals In this 
way it i.s fre<|uen11y possible to identily ditferent substances by the 
characteristic lorm of t.hi'ir crystals. * 

ff the iiii< rosc<)|>e is firovidiMl with :i rnh'd «*yopiet'(*, ii with 

I’in uinr divisions and two A'/m/ |ii'is]ns. (he ani^h's wlin li (he dillVreiil^ 
farvis (sui fa< '‘s) (d I Ik* cryslals lorm w il h vat li othiT may la* mi*asun‘(l. 
and thfir la'liaviour m pnlariscd li«fht studu‘<l, ospcenilly the jiusi 
tioiis in wdiieh the Ii;j;ht is ohseiired in lelatmn lo the suidaeesor the 
crystals, <‘te.. 

By (liis means llie ervstalline rmin can he ascf'itamed inni-h more 
accurately (and In smne (‘xteiit cxjtri'sscfl minuTicallv) than is 
possililc hy simple oliservatmn niidei the micr<)seo])(\ That, is to 
say, more dejimte and ae.cnrate eonelusioiis may be drawn as to the. 
nature of the snhstanee. 

An outline of Imw to nse this method, whieli w’as oiiuinally 
desi^n(*d lor er\shdlonnijdiic jnirposes {?.c. for (lie examination of 
tliin sf*etions of rock), for more striidlv anaIvtKail purjiuses has )H*eii 
<>iven by J. Jj. Sehnidi'r van di'r KolkA The. same author lias also 
(Tevisi'd a method of determining^ the refractive index of (ivstuls,- 
which may be iiseil as an additional identilieation test of the suli- 
stanees tliemsi'Ives. . 

The microscopic examination of tin* crystals, which wars 
at one time Init little used, has bis'n d<‘,veloped by the work 
of O. Lehniaiin,-^ K. Jlausliofer.' A. Sirens,5 Jl. Ih'liieus,^ 

’ Zi Usclt. u/Kil. C/uHi., 37, a2a Kurze Atilcllun'i znr inikroskopischii 
Krisfa/lbeslimtnunij, ])uljlis:li(’(l hy (’. W. Kreidels, Wiesbaden. 

“ Ibid., second enlarged eflition, Wiesbailen, IHUO ; Zctlsch. aiud. ('hcM., 
38, 015. 

* Chem. (New aorics), 13, 500 ; Zut'-ch. niial. Chem., 21, 02. 

’ Mikrosbopischr licaktioHen, by K. Hiiusiiofer, 18S5. (Vioweg laid iSohn, 
Brunswick ) 

Bcr. Ohohessisclti )i 6\s. /. Nalur u, Ucilkt^c, 22, 258 et scq. ; Ziitsch. 
anal. Chem.. 23, 185. 

® Ann. de VEcolc polyl. dc Vel/t, 1801; ZtxUch. anal. Chan., 30, 125 et ecq. 
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Frcy,i Schoorl,- Eruich/^ and others, into a definite tct-hnique of 
jnicrosc.o])ic investi^^ation, wliich enahles many sulistances to lie 
identified nipidly, even in the presence of other substanees. 

The simplest juethod of ajijilvin^ microeJiemieal reactions is to 
place a fra^onent of the suhstivi<'e, to};etlj(*r with a dio|) of water, on 
an ol)je(;t j^lass, or to allow a droj» of a solution to evaporate on the 
glass, ami In either ease to note the form and other |>ropcrties of the 
resulting ervstals under the mieros(M>pe. 

Not infreipHMitly W(‘il-form<‘(l crystals iire not producinl, but otdy 
crystalline formations and aggregates, wine.h, however, under thc! 
special eomhtioris of tlnur formation arc^ lajually eharaeteristie of the. 
subsfcin^e in (pu'stion. 

Mierosc.o])ie methods of I'xammation mav fietpumtly prove a 
valuable siqiph'inent to t in* urdinarv im'tlmds of (juahtatiNc analysis, 
and miable results to be obtained when the usual nu'thods fail ; yet 
they cannot mitindy n*plaee tin* latter, but. on the eonlrary, m many 
cases presu 2 i]K)se a knowhalge of the ordinary (mua'mheinieal) 
methods. 

Moreover, mieroehemieal analysis, if it is to yield trustworthy 
results, demands nut only a thorough knowledge of crystallo¬ 
graphy, but also skilled practice in the use of the, microscope 
and in nucrosiaiffieal work; it eamioi, thendon;, taking into con¬ 
sideration the lilies upon whuh it has develo])ed, well be studied 
at the same tiim^ as the purely chemical methods by one who is 
beginning the study of analyt ical chemistry. .1 limee, in the following 
introduction w<“ have eonliiied ourselves to the d<‘s<‘.ription of only 
such mieroehemieal riaietions as arc of exei'^itionai value for the 
identification of certain suhstanees, and as regards tlu; remainder 
refer tlie reader to the works idled above. Illustrations of thc 
microscojiieal a}ipearanec of the erystallipc substanees freipiently 
supplement the di'seript ion in th(*s(‘ hooks. 

Also his inlrodiiclion to niici-ochriiiu'iil analysis (5 vols). A new (alition of tho 
volume dealinn with iiiorgauie eonipoundH has hcrii editi'fl hy Kley (HU4). 
This 18 referred t(» as Hehrens-Kloy (-Inl (■<! ) m tlio following [lagt^s. 'I'lio luhriu 
uuinhor3 of tho \olinne ol tho li vt (onieido for the most part with tliost^ of tho 
second volume ot Ihe cdilion of liclm'iis. 

‘ Schunz. ll’oc7/. 30. 14U ; Znisch. ana!, i'hein., 32, 20t. 

^ Zrilsrli. ana! Chon., 46. UoS ; 47, 2011, 31)7. 

3 Zcitsdi. ana!. Chon., 42. 010; 49. 100 ; 50, 500; 54, 4m; 56, 1 ; also 
Lehrh. dcr Mikrochonic, Wie.sbadon, lOil (JCrcidel). 
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Sec. 24. 

22. Apparatus and Appliances. * 

Sinri' many vvlio tal\(' iqi tiic study of anaiyti<-al oluMuistry may 
find a dilHciiliy in elioosinj^ tlu' nccosi^ary a|)[)aratus :md appliances 
for tlic [)urpose, or of decidin^^ \\]ii<'h me necessary ami vsliich non- 
essential, we aj)peiid a list, wliick j^ives a brad summary of all tli(‘ 
ap]>aratus te»pnred for sini|il(s (ixammations, and at ihe same time 
take the oj)porhimty of pointing; out to what jioints alteiition must 
be paul in hiuiny or mahm^ tlumi. 

1. A J^unsen j;as burner with chimney. suj)port for sam(‘, and 
additional luix^ for producing a flame suitable for use wilh a blow¬ 
pipe, together with a stand (Sec. 17, hig^s. 21, 22 and 21) 

If gas IS not availabh* spirit or ]iet.rol lamps aic^ used instead. 

2. A blowpipe (c/! Si'c 20, Thg. 27, ]) S;l) 

3. A iilatimmi crucible. It should have a. c.ipacif.y of about 
lb C.C., and not be too <h‘ep in proportion to its bi<‘adt h, and its eovei 
shouhl be in the tonn of a shallow dish In hihoratories where 
several ehcniists arc at work one crucible, is sullicamt lor a number 
of jiersons 

4. Platinum wire (c/. Sees. 20, 2l, ami 22) 

b. A stand with twi'lvi* tesl-i iibes, whu-h should be from Hi to 
18 cm. iulem;thand I to 1 b cm m width. 'They must la* made of 
thin colourless gl.iss, and ha V(‘ been cooled m sm b .i way t hat they do 
not crack when boiling water is poni(‘d into tlumi 'I’lew sliould also 
have round edges .somewliat tuni<’<i over, but no lip. wliu h is of no 
u.s(‘. for pouimg out., and mak«‘s it v<‘rv diHieiilt. to close the mouth 
\^ith a cork or to sliaki* fix; tubt^ t-lioroiighlv. A (oruaummt form 
of stand is shown in Pig 11 The pegs on t lm upper shell support 
the rinsed test-tuhes. which are thus diamed and aie dry when 
rcipiired. 

(). A few Ix'ahers and boiling llasks made t»l l.iirl\ tlim glass 
which has hcmi piojicilv. ^c slowly, cooled 

7. Some por<-elaiM basins ami a selection of small jxircc'lain 
cnu'ibles. 

8. (Hass liinncls of ilillerimt. sizes They should In* im liiieil at 
an angle of (id’, the sides not jiassing graditallv into the oiith-t tiihe. 
but being conneeti'd with it at an acute angle. 

1). A washing liottle, holding about dd'V to IdlJ v-x. (See Pig. b. 
See.. 8, j) 41 ) 

10. Some glu.ss rods, a glass spatula, and assorted pieces of glass 
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tubing. Tlio luttrr ure drawn out, bout, etc., ovor the gas flame, 
whilst tlie ends of the fonnor are ro\nid(Hl by fusion. In cutting 
gtass tubing into tlic desired huigtlis a mark is made with a moist 
t]iree-corn(ir(‘d hl(‘ at tin; ])]aee in (jhi^stion. the tube grasped with 
one liand to the iiglit and tie' oth<*r to the left of tin* s(Tatch, and 
then snapjHxl in two. The non-iiiminoiis flaiiie of a Bun.sen burner 



Vui. II. 


or blowpipe (lame is used for fusing and drawing out tiilung, but 
for bending it a bioad iummoiis llanu' is prrfcrable. 

11. Several ehx-k glas.ses. 

12. A small porcelain or agate mortar. 

Id. Crueiblc tongs of lirass oi stiaT Hi to 12 cm. long. 

I I. A filter stand, Kig 1 or 2, p d7. 

If). A tripod of thin non to suj>j)ort dishes, etc., when beilig 
heated over a gas bniiier. 

1(). Wire ganz(‘or aslieslos ])oard, |i. 78. 

17. A triangle ol platinum win* or of iron wing covered witJi 
unglazeil porcelain or i(nart/, glass Figs. 1(1 and J7, p. 59. 

18. Coloured gla.-'ses. esp«'cially a green and a blue one, as 
described on p. 92 

19. A jii}>ott(‘ d(‘liv(‘iing LO c.c , graduated in 0*5 c.c. 

20. Filter jiajier or i(“ady-ma(b‘ filters. 
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liKIl A\lUUli OK SODSI ANOK.S 'lO |{K AO i;NTS. 

In fliis we shall disiaiss in dcfail lln* (■liara('t<'i istn; |H'o|i(‘r( ics 

.ind plmnonirna wliidi indiAidu.d suhsfanrcs irvcal iiixli'P rcrlajii 
<(nidi( ions. (‘spccialK in inlcradion with ot Iut Md)slan<'(‘s. w'li<*roh\' 
t heir |)i<‘sein (‘ < an |k> h i oi;nised. Siieh [dienoiiiena are imnied i'ea< - 
tions, the sul)s(an(<‘S used Joi their inodiiettoii ieai;rnts (See, ]). 7 ) 

H<‘foie ilesei il)in_L; (he individual n-aetions \\v i;ivi‘, lirstiv, a 
general desejipfion of lh<! i'(‘aii(“n1s aiul llieir a|i[iliea.tn»n ; and 
siM.'oiully, an outline ol llie nleaning; and nat me of reai lions and also 
of tli(‘ systejii of an.d\ I leal yroU[)inL^. 

>Sk('. ih'i. 

I. itKACKXTS AND 'I’JIKIK AIMMdt'VTIUX 

As nuuitioned aho\e. the eheinieal action ul <lllVejent suhslaiaes 
on one aju)lher js teruu'd “ lieaeliun " If llu; [ilienoinen.i wiin li 
arise eiialih^ a definite suhstaiue to la* i'<M'o,uiused. it. is eailed a 
rmclion oj tins .sii(>,\(uita:. lA>r e.\'ain|)le, il one knows lliat. soliitnuis 
of«l)ariuni salts tiiMted witli snljiliurie acid vn'hl a w'hite |ue( ijulate 
insoluble, in a< ids, and. on th(‘ addition of a solution ainin<^ 
barium ion to a li([md iindiT examination, a |Ueeijiilate is obtained 
witli tin; abo\e-meiitioneii [U'operties, the (onclusion nia\ be drawn 
tliut siilphuiie acid (sul|ihat<5 ion) is presc-nt in tin' solution Sub¬ 
stances which are used m tiu' examination of otlier subsl.inces to 
])rodlU‘C a leaction are <alle<l niffir/ils. d’lu-c iiiav be <livi<led into 
two classe.s, t/ci/cral aiul ^inriuf. Tln^ former aie used to detenmne 
tlic class or ^ruii]) to wliich the substance und«‘r examinat ion belongs, 
the latter to identify definite, individual substaiuavs. 

The dividing line between tliese general or group r<‘ageiits and 
the special leageids is dillicult to define, a^s a reagemt occasionally 
serves both ()Ur{)oses. 

If, howe\er. we make the distinction, it is in order to show that 
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ill eiu-li case the object for wliich tlic reagent is to bi^ used must be 
(Jearly understood. 

n’lie valu(^ of <i< n(ral is that ii- enablc's analytical groups 

to be sliarplv (b'fined and, in nianv cases. Die substances lielongng 
to one groiqi fo be si‘|)aiate(l Ironi tliDSf belonging to anotlier. tin 
the oilier liaiul, it isi'ssential \oy spccud n^agenls to be ('lutravlcnsltc 
of spi'cia) snbstaiH'CS, ainl to be .si-nsitirc. A reagent is eharactcristic 
vvIk'ii the phenonuaion arising 1 hrougli its a])]ilii al ion is only produced 
by tlie sp(‘cial substam e, for the deterimnation of \vhi(-h it is used, so 
that a Avroiig eoiiclusioti raniu»t Im* drawn. Iron is tlius a- eharaeter- 
istie, reageUt for eoppor. stanm)us chloride' foi ineicury, b(‘canse the 
inekdlic eo]>per (im'n ui v giobnli's) »>btaiiH‘d in these reactions cannot 
1)(^ confused with otlii'r substances 

A reagent, is s(‘nsitiYe wln'ii its actum is distinct., even wlieii the 
nuniiti'st (juantii V ol tin* siibst.ini-e to be aM crtaiiK'd is ])reseiit, c,//. 
stari'h upon iodine Many reagents arc both charaidenstie. and 
sensitive, as. foi example, auioli\iliochloiic a<'id for stannous ion, 
putassiuni ferrocNanidt' for fei rolls an<l ciipnc ions. et<-. 

fn the usr o/ n'tun'nls it is essi'iitial to know the conditions wliicli 
must be obs«‘rved in (U'(h'r to (‘iisiire tlicir correct aedion ; that is to 
say, to b(‘ abh* to draw t rustwort hy conclusions Irom the a[ij)earance 
or non-app<*aran(M' of tin' reactions 

In the lir.'if jiluvf il /s /aecs.va/// joi l/ir inKinil In he pure, so t hal. 
niish'ading side-[>ljenomeua do not arise owing to the presi'nce of 
foreign sulistances Ib'agents should, theiclore, b(' tested for 
juirity befoie usi*. and Ik^ proti'cted li'oin eontanimation before and 
during us('. 

It should III' a habit, for instance', to take strict care' that tne 
stoppers of l)otth‘s containing rcage-nts are' m'ltln'r inti'rc.haugeel nor 
laid on the laboralorv bench wit h (Ik* groiiml surface downw'ards ; 
it is advisable to use* stoppe’rs with a lu'oad tlat to]), and to place 
them top downwards on the bcin li d’lu' edge* of the neck of tlu' 
bottle should alw'a\ s lie wipe-d out with (liter papi'r hefore the reagent 
is ])oured out, in case* some of tin* ri'age'iit inav have (hiial on it, or 
some of the ainmomnm salts Inmi the air or dust may liave aecumu- 
lati'd th<‘re. Care should also lie taki'ii when pouring a liipiid into 
a vessel eontaiiiiiig gases or vapours fhydr<>gen sulphide, hydroeldorii’ 
acid, ammonia, etc.) that tiu'se <lo not penetrate int-o tlie reagent 
bottle and mix with the,ri'ageiit. In such a ease tlie requisite quan¬ 
tity of fluid reagent should be poured into another vessel first, and 
from this into that containing gas or vapour. 
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TJic ]>ossiln)it.y of diinxjes in the roaj;rnt while boui^ kejit nnist 
iilso he tiiL'n into consideration. iSohitions of sodium liydro.xnhj, 
anirnoniii, and animoniuni siiljthkh^ can ahsoib carbon <lio\ide from 
the air ; as a li'siilt of oxidation by atinosjihcnc oxvj’cn ammonium 
suljilnde may coidain sulplialc , the j^ases may esj ajie Irom aqueous 
solutions oi liydro^nm siilplinle. sulphur dioxide, and chlorine, or 
tln'se solutions niav IjOcoiik* o.\idiS(;<l or decomposed (see p 7d, 
lo«)ln<)f(\ and p. 71); aqueous solutions ot alkaline substaiH es may 
attack tJie ^kiss of tin' botth' and absoib aluminium or silicate ion, 
and so foith. (b'.i^ents. thendtue. wliicJi were found to Ix' pure wlum 
tested nia\ Ial<‘r he found to.liave become inquire. If ..'iie,vp(’cted 
plietioiiiena. occur an examination of tlii* rtM^ents should alwaw' be 
made as to whether tlu'V have beconu' iinpuie or hav<‘ clianecd 

.Most K'm^eiils can lie bought ii(>\\a<la}s made up in sullicimit-ly 
pure condilion Diieitions lor their |ui‘paration ai<‘, thenlore, 
onlv ;iiv(m in t Ins book w hen il must l.ik(‘ phuM‘ in (he laboiat-ory. In 
respect heri'ol. telereme should be made to tlie loie^oiliy sections, 
notably Sec liy p 52. Sec. b'S, p 57 <7 sa/ . as also to tlic directions 
given in special i ases lahu' on 

.Details Joi test insj, t he piiril \ ot ieaaeni s aii'onI\ eii in special 
casi's. \\i‘ ie<-oniiiiend, howexau. the special book on this subject: 
Dll' til l cl/i i/nsfl/i ii /’cm/cc./ca >iti/ lu’iiilicil, wlilch is juib- 

lislu'd by'the- litm hi Men k, in D.iimstadl and which contains all 
the neeessarr duectnms^ (biieiallv s|K‘aking. any oiu* wlio is 
conver.s.inl with (pialitativ»‘ anaivsis can easily (h'tetmiiie the stati' 
ol piiritv reqiiiMsI for individual r(‘;tiients and the meth<Hl ol testing 
them m ceitam eas(‘s. <'sp(M iallv wlnm tlie ^nirpose of then use and 
cofismpH'ut l\' the impiinlies which W(udd be di'trimmilal aie borne 
111 mind. 

i\pait from I In* <piest.io.n ol juirity, it is essential for reagents to 
bit list'd under lln fimjivy cimililnms. 'I’he first consith'iatioii is the 
ijuanldy, then the t/tliihou, the Imiiicniluic. and finally tlie 
of arlioiK 

In this r('s[M‘ct the Jollowing lemarks arc applicable : A wrong 
jiroportion ol tlui con.stituents. i.r. an incoirect ((iiantity of leagent. 
added to a substance under oxaminalioii. is oni' of tin' most customary 
sourci^s of failure in ipialitative analysis JOxjui'ssions siicli as an 
addition in excos.s, sujH'i'.saturation, and man\ <»thers aie apt to 
mislead the student to the assunqition that tno much reagent cannot 

^ AVith regard to n^agonta for microchcuilcal analysis, see JtcliivnH-Klev : 
MiLrocfiemiachc Attnlj/se, lird ed., j).'20 ; W. Lenz : ZciLsch mial C'/aa/c, 52, !)0. 
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be added, and in order not to use too small a quantity many pour 
out a wliolc test-t\i1»‘ full of acid to neutralise a few droj>s of an 
alkaline liquid, wheri'as each droj) of acid which is addeil after the 
point of neutrality lias been roai^hecrmust he (■onsKhued as an excess 
of acid.i In the same way, too small an addilion must be avoided 
as much as too lar^o a one, in that the rise of an insullicient quantity 
of reagent will often produce (piite dilferent jdicnoniona from those 
obtained from an excess Kor example, mercuric chloride gives a 
white precipilufc oti the addition of too little, and a black one on 
that of too much h\dro<;(‘n sulphide. From (‘X])(‘iience it can l>e, 
said thatsbe^miiers ^einMally icmder their work more dilUcult and 
unj'eliable because they use. reagents in too large <[uaiititie.s. 

ttne r(‘ason why an <‘.\eess in the (piantity ol the reagent used is 
a mistake is tiiat too great an increase ol volume dmiiiiislH’S tin* simisi- 
tivmiess ot the i('a(1ioii>. and fLe«[ueiilly pK^vents ])lHmom('na. whieli 
would jjave o('curre(l had the addition betui suitubh*. irom being 
observed at all. Secondly, it should la* uot(‘<l lliat the <‘.\( ess nl a 
reagent olten disturbs the original reaction (a pusqutate obtained 
dissolves again. et<'). 

Wdtli rc'gard to tbe adecpiatsi: dilnlton of solutions ol leagimt-s, it 
should be noted that, as. for instance, in Ibi- case of pnaipitation 
reactions, tlu^ solubility piodmt. (.scs' j>. is alieady exceeded by 
an addition of a solution of reagent, winch is smaller lu propoilioii 
as the solut ion is more concenf latcd, and Uieietorc too dilute a 
solution cun m .soim^ eases iievcT bung about a prec ipitation, lie- 
agents wliieli, oil the other liaiid, aie too coneentrated olten produce 
too dense a jirecipitate, whic h ixin tlnai (by mc’elianical ciiclosun‘ or 
adsorption) easily (cuiv with it fonugn jiarthFis Irom the suliit.*:yn, 
from wliich even by wasliiiig it is dillicult to separate it. Jn such 
cases it is also often eiillicidl. to recognises the nature eif the precipitate 
(/’.c. whet her it is juilvcriileiit, lloesculent, crystalline, etc ). 

As regards the (piantitic's recpiivcel to cau.se. a reaction, a epiarter 
to a thirel of a tesftuhe ol iireparcel solution for each reaction may, 
as a rule, lie used, uiih'ss a dillercnt epuintit}’ is sjiecified for an 
individual ecise. A piece ahenit the size of a peci shemld be used in 
the case of soliel substances, this being dissolved in a quarter to a 
third of a test-tulie of solvent. 

No general rules can be given re'garding the correct tcHipcralurc 
and the duration oj action. 

* kSufllciwnt emphasis cannot be laid on tho necessity of always using tost 
paper. 
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Oil 1'he whole, as ref^ards the olisorvafion of prosier conditions in 
the use of rcaj^enfs. no special rules can he made, hut a ijnu'ral rule 
will in most (‘uses, suiVice to produce 11 h* (-oiiect |iroporti<m, or, in 
other words, the 4‘ori'(‘ct coudirions Jt is Ihis, that every linu' a 
reagent is applK'd. the puvposi' for which it is h(‘ine used should he 
clea.rlv thoiiulit out. as also tin* ]dienonien:i which it is dcsin'd to 
ohfain arul the r«‘sults which tiu^ addition of an e\<<'ss, /.c lh«* use 
of a rraL;ent un<h‘i nnsiiitahle condilions. woul*! produce. 

In iiiru^iiriti'i (he (|U:irititios ol rc'MU<‘iils fo lie iikc<1 hi iiiilividiiiil 
i-nscs, it in*c('ss;n'\' to l.now t.lio n)ni‘ntli<rlion of tlioir solutions 

'I'liis coiii-oTil nil ion can cillicr lie nieasiiieil liyniakiiie » solut ion 
of each rcaeenl. of sniliiiile strenetli for the cnsloinar}' niefh.oil 
of use, wil.lioiit, there heiiie n reci|)rocal relationshi|i hctuei'n (he 
volmiies of the Individual solutions; or hy nsiiyy solutions of sueh 
strenyth that ei|nal volmnes eontam corresiiondine i|iiaiit dies ol 
dissolved siihslanees (thus, for iiistanee, equal voinnies of aeid and 
alkali solution neutralise eaidi oilier. ei|iial volumes of a soliitinii of 
a. liariiini eoni|Miiind and a, siiljihate |ireei|)ilate eaeli otlier reei[iro 
ealiv, ete ) ; or linally, hy takiny the middle eoiirse, wherehy althniiyh 
I'qual ])arts of the solution do not eontain rorres|iondiny qnanldies 
there is a known i elal ionslii|) het.ween the loliimes of the different, 
solutions (t.lins I jiarf, of the one eorres|ionds to '2 jiarls of the second 
or f) |iarts ol the third). 

The lirsi mi'thod is the one most in use. and we have adhered to 
it in t.his hook, and at tlie end of Ihis seel ion have eivcii a siinimary 
of the e.nneeiitrations of the c nstomaiw solutions ol reayenls 

The second method eonsisis. for e.\aim|)le, in the. plan ol ii.sing 
tlmauyhoid. soliilions of reayents of so-i ailed doiihle normal eoneen- 
tratioii, i.r. .solutions whieli eoidam a qiiamit.y of reayent i‘ories|iond- 
iny to u.oramme e(|iiiviileiils per litre. (An equivalent weiyhl is the 
quant.il.y eorrespondmy to one elleilii'e \'alene,y, tliiis I iiiolei.iile of 

sodium h 3 -drovide, Nat til, J moleeideof tail mm hviliovide, ' 

1 niolee.ide of livdroi hloi ie. aeid, IICI, k moha ule ol sul|>huiii acnl. 

I ,,(■ sodium e.hloiide, NaCI, i moleeiile of sodium 

.sulphate, ete.. A yrainme eipiiv.ilent is the iiiimher ol 

yrammes eorres|ioudine to these e(|nivalent woiyhts.) 

This sy.steni has the drawhark. that maiir'.solutions are loo dilute 
and others too concentrated for the ])Ui)K).se in question. 

The third method of ineasuriiif' the concentration origiiialed with 
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Wollny (Zcitsch. an<d. ('hon., 24. -102). Acconliii',^ to this method, 
normal, Jivo times normal, ten times normal, ete . solutions are used ; 
tlm de^r(“(‘ of iiormnlity must in this case Ix' stated on the bottles. 
Wollny recomnamds that n'ajfents ])e'l-akon from the bottles by means 
of small pi])('tt.es, and that in each case a kiiown mimber of (Md)ic, 
centimetres be used. 


We now ^ive a suimnarr of tlu' <-onc<‘ntra<.ion of tlie customary 


solutions of reagents a,rcordmg 

I'O tim first 

m(d hod 

on 

whicli the 

direetions m 1-liis book mv liasi 

d, and m ( 

(ut-ain (\ 

ISl'S 

idd a few 

special re^iaiks. 





A. 

Acids. 




1. Fuming hydrochloric acid of sp 

gr. l-iti 

•ontains 


IK'I 

(’onoontraliHl 

1-17 

„ 


11(1 

Dilute 

I-I 2 


or.o/ 

/() 

HCI 

2. Fuming nitric acid ol sp. gr. 

. 1 47 !■:> 

.. 


UNO, 

Concent r ated 

1*10 



UNO, 

Dilute „ 




lIXO.t 

:i. ConeentratedSllIphuriC acidof.s 

>.gr. I■S4 

.. !ir* 

!m;o 

11 ,S( ) , 

Dilute 

III 


1 

11.,SO,, 

1. Acetic acid of sp. gr. 

l-IMU 1 lit 

:il)i 


('Hi( ’(HMl 


B. Hydroxide Solutions. 

1. Sodium hydroxide solution of s]). yr. li;ilir» contains 
11~13 per eejit. NaOU. Kspecinlly wlicn kept for some' time in a. 
"lass ])otlle it- is m'.ver free from aluminium ion, sdieate ion, and 
carbonate jon, and even ot-lKUwisc; not always Ins* from impurities. 
In many cases it is (-inu’eforc^ advisabh* immedia(el\’ bidoie ns<‘ to 
])ref)are an alkali liydro.xide solution of pun- solid i>olassium or 
so(lmm hydroxide (that ju’epaied from melal is <‘sp(M ialIy pine). 

Sodium liydi‘o.\id<“ solution keeps lie(,t(‘r in nickel ilasks than in 
"lass hotth's. As "lass stoppius lux-miH' so lirmly lixed in tlie neck 
of bottles containiii" sodium hydroxale solution, if ke])t for some 
time, t hat th<‘v <-nnnot be renioviMl, lublxu- or mekel stoppers may be 
used. This dillieultv can also he overcome liy smearing the glass 
8top])cr with parallin wax befnn- jnserting it into the neck of tin* 
bottle, which should he wipial out liist Another metho«l is to use 
a ea]). which tits tightly lound the outside of tlu^ neck of the bottle, 
instead of a glass stopfibr. 

2. Ammonia of sp. gr. O contains 10 per cent. Nllj. It easily 
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al)Horl>fl «\arlK)n dioxide or liydrooltlorir acid and ])ossil)]v Jiitrk' acid 
from tlio ial)oralot\' air, and must, tluT<‘foro. Itc |)rotcclcd from it, 
aM<l in tin* cvamt of nncxjicctcd reactions appc'artn^ should la* tested' 
for such impuril ies 

Baryta water contains 5 ])er cent-, lia(()ll}^ I 
k Lime water contains 1‘5 ])(‘r cent ('a(()ll).j. 

Baryta wati'r and lime water ahsork cai])on <lio\ide fiotn th(' air, 
a nd harium or calcium carlionati's separate, so that tin* clear sohif ions 
(iiltercd if iHMcssai)) are fiiar from carlioiiate Lime watei. weak 
m itsi'lf, <-an in this way easilv lose' its entire contimt of calcium 
hvdro\id(‘ In many instances jn/ll. <if Iniir. a mixture of lym* water 
and solid rah mm hydroxide, is nsrsl. Milk of hm(‘ is made })y 
slaking pure (jiiieKlime with a fair anioimt of water, lime, water hy 
])ourinu off the supernatant clear li(|Ui<l produc'd when the dilute 
milk of lime has siihstded. 


C. Salt Solutions. 

The following (piaiitities of water an* used to nialo' I In* ciistoinary 
solutions : 

I. Ammonium chloride, I pail \ll,,('l . s pails wain. 

Ammonium carbonate, I pail {Nili)'d''kt- 

I part ammonia and . . , . I 

'I'lu' soli<) amnioniiim earlmnale as jmrehased is a mixtiin' ol 
ammonium <aihamate and ammonium livdioi-ni earhonale ; lo 
eonvau't tins mio ammoniniti (arhoiiak' a little ammonia slioiihl he 
added during llu' solution (an exerss dot's no haim) 

;k Ammonium oxalate, 1 pait (N'il,)J ko, 

'■ I ...... 21 p.irls water 

I Ammonium molybdate, } lll,,n : I5(t yr. of 

the salt are di.^solved in I litre of watiu*, tlu' solution poured into 
1 litre of nitrii- a< id of sp ^r 1 2. the' 11 md allow<'d to stand lor se\ ('ral 
days in a warm place, poiiml oil from anv amnmniiim plmspho- 
molybdate whi< li ma\ liav<' fonnrd. and then k<‘pt for ii.se 

5. Disodium hydrogen phosphate, I 

part Na^llIML I I2ll2t> or sodium 
liiumoniuni Inalro^en ])hosphate 
Na(NH I ■ • - 10 ]tarts waler. 

(i. Sodium carbonate, 1 part NaJ'o^ or 

2'7 parts crystallised soda Na/’Oj 
-PIOHJ).5 
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7. Sodium acetate, 1 jiarf. (;jI;) ('<)ONa 

-I-2ILO.1*^' part.K water 

‘ 8. Potassium sulphate, 1 pari, K.^SO,, . 12 

<1. Potassium nitrite, I parf KNr)„ . 2 ,, 

'I’liO Rohiiion must yield a larae (piantity (if iiitrir oxidi' "as on 
tlic addition of dilute siiljinuric arid. 

10 Potassium chromate. 1 part l\ 2 l't(t 4 . 10 parts water. 

11 Dipotassium dihydrogen pyroantimo- 

nate, 1 ]>art K 2 il 2 Sl( 2 l I 7 |-fiJlef I aliont 250 ,, 

I jiarti sliould lie lioilinl for a sliorlr time, with 200 parts of water, 
allowc'd t^ri nol, and tlie still undissolved residue filtered off. 

12. Potassium cyanide, t fiait KCN \ paits water. 

'I'lie solution is prepared jn.st liefore use. 

1.! Potassium ferrocyanide, I fiart 

K,l''e(CN)„.Ill 

Id. Potassium thiocyanate, 1 fiart K('NS lo 

15 . Barium chloride, 1 part liaCIa I 21f.d) 10 ,, 

16 . Barium nitrate, 1 fiart l•>a(NO;|)a • H' 

17 . Calcium chloride, 1 paitCaClo-J fill.jO 5 ,, 

18. Calcium sulphate, f'aSO, ! 2fl.df . Salinated solnlion 
IP. Magnesium sulphate, I fiart .MgSO, 

|- 7 J|,j(). 10 fiarts water. 

20 . Ferric chloride, 1 part |i'e('I, . .75 

21 . Cobaltous nitrate, (d(NO.-i).4 l f'ill..o lo .. 

22. Silver nitrate, 1 part A.eNO;, . . 20 ,, 

25. Lead acetate (suear of lead), 1 part 

((lll:iC()0)2l'll|-:iIl.,() . . .10 ., 

21. Mercurous nitrate, Jl.u^lNO;,):; I 2ll.d>. ^ 

The ery.stals are dissolv(.‘d li} erindine them in a inoitar with 
water to which nitric acid of s]i. gr 1-2 has lieen added The 
solution is hcfil in a hottle, whali has a little metallic mercury at 
the liollom. 

25. Mercuric chloride, 1 fiart IlgCh . 16 parts water 

2(i. Cupric sulphate, 1 part, ('nSO| ! 51 l.df lo 
27. Stannous chloride, I fiart SnCL | 2IU) 

row'dered tin is dissolved liy lioiling in concentrated liydroclilorie 
acid (tin must remain in e.xcess) until searcelv any more hydrogen 
is liheratcd, and the liifiiid is t.lieii diluted with four times its volume 
of water to which a little liydroclihiric acid has heen added, and 
filtered. The soliitioidis kofit in a hottle containing some nietallie 
tin (a sheet of tin foil). 
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28. Anrohydrochloric acid (gold chloride), 

1 part HAiiCi 4 j . . . .30 parts water. 

2!). Platinohydrochloric acid, 1 part 

iigrtoiofeiuj . • . . . 10 „ 

Sec. 2G. 

H. TllK NATUlihl ANT) SidNlKKhANdN OK ANALYTICAL iiK- 
ACTIONS AND TITK SYSTKM OK ANALYTICAL OROUPINO. 

As explaitMMl ju tlio Tiilrod(i(;tioii, the objoi^t of <[uaiitativc atish sis 
is to identify the eheinieal naturi* of .snlistanees, whetln^r '^one or in 
assoeialion with (jIIk'I' substances, in tin* material under exaniinatyui, 
3'his hleiil ilieat ion may b<^ at once: elTocted either by tlun oli.servation 
of certain ih-fiinte eharacleristic properties (eoIoui‘, crystalline form, 
<‘te ), or liy plai ing the substaiiee under such <-onditioiis as will cause 
il. to undeigo all eral ions, the kind and emirse of wliieli depend U]>on 
the clienii< a! n,ittiie of 11n* substance, ar(‘ eharaetenstii’ of it, an<l so 
may be used lor its ident ilication. 

jSueh aiteiations mav lie of eilJier a jihysical or chemical nature. 
When they are produ(e<| b\ a second siibslaiice acting upon that 
uintei evamiiiafion a clienmal jeactlon is juesent. Tin* siilistama* 
used to produce it is a reagent, in its widest sigmfieaiiee (he term 
fcnri./on is also a[)piied to lho.^<‘ phenoniejia (appearing witliout. the 
application of naigmits) which aie used for the ident ilication of 
substaiM es These aie, theiefore. meludeil m the following pages 
In the ni.ijoiilv of <‘ases not <‘Ienients but- eheniical eompouiids 
au‘ pieseiil, ,nid the solutions of all of tlu'sc^ wliich lainlain tin* same 
ea'tioii invanahlv show a laige number of leaetions ni eomnion, 
iirespee.tive ol wliat the anion is m the, solution. In like maiiiii'r, 
substances whose soliiliojis (ontam the same anion .sliow a whole 
series of similar reai tions (see S(‘e 21). 

Again, in llie case <d' ni,elals which can show' dilb'n-iit vahaicies 
(and the solutions of which therefun' contain diirereiit. ioii.s). or 
wliieli ar(‘ able to form eoiipih'V ions, tliere are sc'parate ehaiaeteristie. 
reaction groups lor each .senes of compounds wliosi; solutions contain 
th(i same ions Kor example, ferrous, forrie, ferroeyamde. and fern- 
cyanide eonipoimds all show' ddlerenl kinds of reactions. 

Tn an analogous manner the dill’erent lompourids of the same 
nictalloid, the solutions of wdiieh contain thp same amons, are also 
alway.s charaetmised by a group of similar reuetions, c.(/. the siil* 
phidcs, sulphites, and sulphate.s. 

B 
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Since, in accordance with the theory outlined on p. 21, ions may 
he assumed to bo the constituents of chemical compounds even in 
the molecules, the reactions described in the following pages always 
refer to tin; ions, even when it is a question of reactions which concern 
the undissociated salt of the particular ion. 

In order to idenlifij an ioT» by its reactions it is nec^cssary to have 
a knowlcdfic of tlicse, that is to say, it is necessary to know ivJmh 
reactions under definite (H)nditions in<lioato tin* presence of this ion, 
and the conditions under which the rea<dions take place. Hence, 
before aj)plyiiig the distinctive methods of (pialitative analysis to 
unknowiftsubstances, it is neeessar}' to become acquainted with thc 
rejictioiis of the iralividual ions. 

It requires jiractica! training for tlie student to become thoroughly 
ac<|uainted with the p(*culiarities of plienomena and th(‘ ])roduction 
of the comlitions which cause them to occur, because neitluT of them 
can be adeipiatelv e.vplained by a description alone, wliilst, on tin; 
other band, a full grasp of the numerous indiviilu.d reaclions is not 
possible without a clear understanding of the chomieal processi's, 
and tlie arrangement of tin* reactions in a de;linite svstem, which 
facilitates a general survey and brings into ])romincnee the similarities 
or dissimilarities of dilTcuent classes of substances. For this reason 
the contents of the following (hapter must nof. only lie studied, but 
also be tested by ]ira(“tical work in the laboraluiy. 

^rhe necessary general survi'y of the reactions is attained by 
arranging tin*. substanc<‘s, the ions of wbicb show analogies in many 
respects, in groups, so that, on the one. band, the similarity of the 
members of one grnu]) witli regard to a seru's of reactions is shown, 
as com]>arcd with llic behaviour of the memlx'rs of another grqup, 
whilst, on the other hand, tluj dill’eremes between the individual 
members of a grou]) ma\’ lie reeogniseil. 

This elassitication, in accordance with the [iro]ieriies of value for 
analysis, is the initial stage in the systemath^ grouping of the 
elements, and is thus a forerunner of the very euniprehensive yvnodic 
}<i/ste 7 nof the (irnu'vf.s. Tins consists of an arrange.ment of the elements 
in the ascending order of their atomic w<*ights, and a grouping of 
them into jioriods (see adjoining table). This has tlie result that the 
elements in the vertical series of the arrangement show far-reaching 
analogies in their properties. Jhit tliere are also in the liorizoutal 
series quite definite co-ordinatetl relationships. Heneo it is possible 
from the position of an element in the periodii’ system to ])redict its 
density, melting-point, etc., and, in short, its physical beliaviour, as 
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also its vak'ruiy, its reactions, and its (iliemical behaviour Speaking 
^nuierally, this relationship may bo exjjressed as follows: Tlic 
j)roporties of the elements arc periodic functions of their atoiiiic 
wei^^hts. 

bVoin this the coneluston nu^^ht be drawn that the system of 
analytical ^^tou})s coiticid(‘s with the periodic system, or i.s so far 
includ(Hl therein, that it can he directlv dediKHul from tlic latter (as 
the more com]ir(diensive scheme). This, however is only partially 
the <‘ase. 

WJieri-as in tin* inittx/ic system the characteristics of the 
dill'en'iit -'^(‘Imiients ai<‘ taken into consideration, in the. (n/ulifltail 
sy^tmn tin* clitel valine is assigned to the <liiy(‘r(“ntiatioh ol dilferences 
of Ix'haviour in resp<‘ct of (nic propinty to winch jiossihly a suh- 
sidiarv position is <fiven in Ike periodu- system, as. for (‘xample, 
th(5 liiH'r distinctions in tin* solubility of the sulphides in tlu^ easi^ of 
the groups with hitcher cations ^ 

In any case. it. is not. snlhcieiit to tak(‘ into considt'rat.ion oiilv' the 
analoeii's wliicli occur m the vi'rtical series, but attentioii must also 
be paid to the smiilaiities ami ^railational stall's wliicli appear in 
the horizontal sern's. and esp<‘cia!lv m the ^reat periods. 

TIhux' is no doubt but that in a nion* extended amplificiitioii of 
the. sij^iiilieaneo «d the ^^roupiiii^ of the <‘lement.s in (.In; jx’nodie. 
systimi it will he possible to dis(a)\ci' a still i'Iosit agreement with the 
classification into anaht ical groups. 

Jii order to show the siniilaiiti<‘s and dissimilaritb's which have 
been olismwed, the <iinihi(inil ijraiips of rolxitis aia*. imbcated by a 
Koman niuiH'ial, lielow' the usual airan;^emeiit of the jienodie. 
system, iii the ])r<M-(Mlm<^ table ol tlie ehmieiits. 

ill t ile ease of t int aimuis, th(^ r<‘co^iiition of lh<’ I’orrespombmee 
lietweiMi the ineiiibms of the saim; analytical groups and the position 
of the resjiective metalloids m the peikidu^ svsteni is rendered more, 
dillicult by the laet that it is a <juest ion ])artly of elements oceiirnn^ 
in an nneimibined comlition. and jiartly of groups of a metalloid with 
more or less oxygim atoms. A]>ait from that, t he grouping of the 
anions is not so imporlant from an analytical point of view as in the 
case of the cations. 

^ With re;;ar(t to tin* relalioiiHlii]) betwccMi the jiroportics of aualviical 
importance of the auli)ln<ies and the |)o.sition of tlio elements jii question in the 
IKinodio system (ami m their order of tension), rf. Schunnan, Lubii/'s Ann., 249, 
:i2l); J3orll<mdor. Zi phi/otol. Chtm., 27, aa ; (). VVei"cl, lOul., 65, 293; 
(>. Bainnor and 8. Zawadzki, ZciUch. finonjun. ('Item., 65. 130; 67, 404, w'hcro 
further references are given. See also Fart il., chap, in., No. J8. 
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Tn tin*, followitij^ sui‘V(*y of frlic assi^rnmciit of tlio diiToroat motals 
to tho groups of tlio nnalytical system we liave arranged the elements 
within eaeh of these gi‘()ii])s in the order of tlieir ascending atomic 
weight (as in the periodu*. systei'i^). 

fn the sul)K(M[ii(‘nt treatment of tlieir hehavioiir towards reagents 
w<* liave, for di<la( t.ic. r(*asons, chosim a soin«*wha.t <lilTeri'nt. order of 
arrangem<‘nt, on tlie one hand, hv si'parating IIk* more intportant 
elements and those of more fn'ijnent oeeurr(*nee from tin* rarer 
elements, which need not lx* studied at first; and. on the other 
hand, l)v giving prominiuice, as a riih*, to tlie reactions which <‘Hect 
t he sharpest disl inction l)<‘tw<‘i‘n tlie nienihers of an anal\ t i ♦al group. 
One result of this, for example, has Ix'en the ariangenn'nt. of ^h(* 
(“I(*ments in the lir.st two groups in the order of d(‘sc(‘ndiiig atomic 
w'eiglits This appcari‘d to us more suitalile. h<»wever. Ilian hy 
dealing diro<-llv, in the case! of both groups, wuth the Ixdiaviour of 
ri'agents towards elciiH'nls with which they produced vo ■jirecipitales, 
and thus making a beginner i omniit I o nicniorv 1 he case's m w lii<'h a. 
phenomenon did not occur, wdiih' only sul).s('(pi<‘ntlv ji*arniiu.' t.o 
j(‘cognis(' these clcmcnls in flicir charactcrisi ic, forms. Apart from 
this, elements aii' frepuentiv groiijK'il in an order oilier than lhat of 
their ascending atomic ws'ights as being more suilabh' for aiialvlical 
practha'. 

A, Reactions oS the Cations. 

'I’lie cations of salts, the ri'aclions of wdiicli an' d<'scrlhed m the 
following ])ages, an', metals; and witli these is included tin' eom- 
ph'x ion ammonium, wliich beliaves in all M'spccisas a- metal In 
tlie first place a. general siirvcv is gi\<‘n of t he rc^jiecl iv<' metals 
(eaSions) ln'longing to tlu' dilTercnt ynuips. 

The {‘Icmi'iits ol ni(»n' frepuent oi ciirrcnci' or of more ]>ra(lical 
iniportaiicc arc pi'lnt<'<l m italx's. and an' dealt w'il]i|morcjfully in 
tlie following si'ctions. The rarer ('Icments are enclosed in hra<'ket,s. 
'I'lieir Ix'haviour towards rcagi'nts is dcscrilx'd somewhat nion* 
brieflv. These sections may be oniiltoil at first in the study of 
qualitative analysis. 

The (dassifie.ataon into groipKs is hase»l essentiallv upon the 
differing soluhility of the eldorides In water, of the sulphuh's in wat<‘r. 
acids, and ammonium sulphide, and|of the hydroxides. ]thos])hateR, or 
carlionates in water. For ihe scparatioyi of the (/roups the JolJoin/u/ 
reagents are, therefore, ased: llifdrocldoru'. agid, hifdiogrn sulpl/tde, 
ammonium sulphide, uw/z/rwm, (imnioniutn e.(irho)iale, and sudmm 
ammonium hgdrogi'n phos/datfe. 



IlH liEIJAVWUJi OF t^UBl^TANCFF, TO BKAOENTH cn. n 

First Group. 

None of the f^rouj) reagents jiroduces a ])rccij)itatc; (Litliiuni), 
BoiJium, Pofdfi.num, A'imnon'nwt- (Jluhidiinn), ((’leKiuin). 

Second Grott. 

Sodium ammomuiH hifdrocjcu fhosphali'. juu! also, in tlic case of 
tlie last three memlxTs of the j;rou]) Amtnouiuin ('urhouatc. produces 
a precipitate, whereas tli(! otlier ^roiip rea^xMils do not: Mufpwsium, 
Calcium., Slrunllum, Jiannm, (]{a<li>ii)i) 

Third Group. 

Ammoma, and also ..Iminonium Sulpl/idc, precipitate these metals 
as hydroxides, wldlst In/drochlonr. acid a,nd /t//dro(jcn sulphide do not 
])rcidiu;e a j)re(‘ipitate : {I^erylliiini), Ahnmnium, (Scandiiini), (Ti¬ 
tanium). (drrof/iium, ('rhorhim), (Yttiium). (/intoniiim), (Niobium), 
(Lanthniuim), ((Vrium), (J*raseodynium)> (Ncodvmum). (Samarium), 
(Kuropiiim), (Gadolinium), (Terbium). (Jhsprosiiim). (llolimiim), 
(Frbium), Ytterbium). (Imletium). (Taiitaliim). 

Fourth (troup. 

Ammominii sulphulc ])r<‘cipHa(i's tlie m<‘t:ds as sulphides. Ihidro- 
chlonc and ami In/droiicii saljdialc (m acid solution) cause no preeiju- 
tations : (Vanadium), Maiujancsc, Fennas and Feme ion, (\>hal{, 
Nickel, Zuir, (Gallium), (Indium), (TJialliuni). (Gramum). 

h’lFTH GroUJ‘. 

Jfifdroi/vu sulfdndc precipitates (fiom ai nl or alkaline solution) 
and so do(‘S auniioniinn. sulphide tin* metals as sulphides, wliich are 
lusoluhle in annnoniuni sulphide ; some o| j he siilistain-cs in Groiiji \'. 
are also precijiitaled by hydrochlorn^ acid (First division); Silrer, 
J\Ie/eut'ous ion. Lead; \^}n‘r^‘as others aic not. j>M*cipit.ated (S(‘Cond 
division); Gopper (llutin'nimn), (Khodium), (Palladium), (Uainuum, 
(Osmium), Mercuric ion, Jhsinu/h. 

Sixth Groui*. 

Jlijdroifcn sulphide ]ircci]utalcs from m id but not from alkaline 
solution tin* metals as sulpiiidcs, winch are soluble in ammonium 
sulphide: (Germanium), Aisemte and Arsenate mn,^ (»S(*Ieniuni), 
(Molylidenum), Stannous and Stannic ion, jhitinioni/, (Tellurium), 
(Tungsten), (In.liiim), Jdafinum, Cold. 

The ‘fcneral survey of the arraii'xement of anions in groups is 
^iven at the be^dnninir of the descrijdion of the individual ions. 

* AJthoiigh it Hhne<^f, aevays occurs in its comjiouuds as anion, arscnio i.s 
,irroui>»'(! nitl) tin' cniions. Ik-iiuisc* its In'liiiviour towards liydro^cn sulptiide 
cnuscs it to .separate with llu; oAtions, and lienee* it must be taken into con¬ 
sideration III the syslomalic in\estigatK)ii of eiition.s. 
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III. REACTIONS OF THE INDIVIDUAL CATIONS. 

First Group. • 

Cations of the Alkali Metals. 

Skc. 27. 

Members of freijiiont oceniTcncc; Potassium, Sodium, (Am¬ 
monium). 

Members of less frcijiient occurrenee : Csesium, Rubidium, 
Lithium. 

('haractrristics of the Group. 

Position of the members in the periodic system. All Mte tdlali 

vtctaU ill tlH‘ (irst j^rouj) of the periodic system, and, willi the, (‘xeej)- 
tion of sodium, occupying the left-hand side, (unrelated members), 
an* more stroni'lv <*h'ctrop()sitive (less noble, see p. dl) in jiroportiou 
as their atomie wei^lit is j^reati'r. Witli tJu*. (‘xce])1iou of lithium 
they are tlu* most stioni’ly positive eh'iueiils. lienee they have u 
^n'at- ti’iidencN' lo lotm ions; Iheii' eom|Kmiids aie dissociated to a 
])ronoimced e.xleut in a(|iie(>us solution (ammonium hydroxidi^ in 
acjueous solution to a much h‘ss <‘\t<*nt) 'I’lu* iiy<lro\i(h‘s of tin* 
alkali metals are, thei<*bu’e, sirone imses Their a(pieous solutions 
art* t(‘i'm(‘d 1) cs Tin* salts of alkali nu’tals with w'cak acids (p. 25) 
therefon* show m aipieous solution considi'rabh* hydrolysis (ammo¬ 
nium salts to a less (*\t.ent) (s<*(“ ji. 2S) llem e, owin^ to tlu'ir contain- 
inji hvdroXN 1 ions tin* aipieous solutions of hv<lroxid<‘s. snljdiides, and 
borates of tin* alkali nH‘t,ils turn r(‘<l litmus j)a[>er blue and turmeric 
pap<‘r brown in a mark('<l decree 'I’he solutions of tin* salts of tlie 
a lkali metals w it h strong acids (p. 19) sliow a neutral react uni. 

^Analytical Character. 'I'he hydro.Mdes, sul])liides, .md salts of 
the alkali nu'lals and of ammonium an* all, or n(*a,rly all, n*adily 
soluble, in water. Jb'iiee, the eronp reagents, hydrochloric^ acid, 
hydroj^c'ii sulphide*, ammonium sn!])hide, ammoiiiiim carhonate, and 
phosphate* do not produc«3 p?-ecij>itate‘s in the salts of the* alkali 
metals (in the e-ase of htlimm salts this only apjilies to the more 
dilute solutions). 

SuinUAL HkAc IIONS e.)F 'I'lIK MkMUERS OF (rROUP 1 e)K MOHK 

FREC^DKNT OCCURRENCE. 

Sec. 28. 

(a) Potassium, K, 39 lo. 

1. Pofas.'^iiwt is a monovalent metal of sp. *j;r. ()-8r>29 at (C, melting 
at 62'5^. It is silvery white and unstable in tlic air, forming by 
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oxidation and attraction of water Uie white h/droxidr, KOJl. This 
li([uefies on exposure to the air, and the resulting oily fluid rapidly 
al)sor])s carbon dioxide from the af nios])here, hut does not solidify 
in the proexss. Potassium decomposes water into hydrog(‘n (which 
escaj)es in gaseous hu'iii and igniti's on c(mt;u't with the iiicandoscent 
metal) and hydroxyl ions, while, on its pait, it forms potassium ions. 
Potassium burns in th(^ air, forming a mixture (dark while hot and 
orange-y<‘llow on cooling) of oxide, K^t), and polns^iuiii 

peroxide, KofK, whicli attracts nnhstun* from the air, and (h'composes 
into potassium hydroxide, oxygen, and hydrogen peroxide. Nearly 
all the ])i tassium salts are soluble m water; they are colourless, 
excepting when the anion causes tlicm to he (oloured. 

2. At a low ignition temperature (when liea ted in a small Imlb 
tube over a gas flanu') the oxides, liijdioxide, and the sidls of polussnnii 
lire not- volalile {disfi^ieh'on f/<nn iiiiniiotilinu eimipoutids). 

d. Platino-hydrochloric acid (platinum chloride solutinn) pro- 
ihiees iv ‘Heii/ral iriid iieid- soiu/ioii.^ of pof<tssiiiiii. sails a l/eari/ i/el/oir 
e.ri/sfatUve preeipitate of jiotiissuvia pliihno-cdiloride, K^Ptf lo- 
medialehf ui l/ie ease of coveenlialeil bill, ovl/f after a 

eonsideruhle or lomj ivne wlie,}i the solaliovs are. 'iiuirr difiile Ah 
preeipifiiles tire pi'oiliiced in renj dihile sululanis 

2K- I V\X\". K.PUV ni I -IT*' 

Tin*, pn'cipitate i-onsists of octaliedra, whicli ran lie recognised 
nnde.r the micros<‘opc. Alkaline solutions must ho acidilled wilh 
hydrochloih^ acifl ]irior to tlie addition oi flie plalino-hydrochloih^ 
acid. 'I'he pna-ipitate is spannglv' soluhh* in water; its soluhilitv 
is not ap]iro< iahly increased ))v the ])resencc of fna* acids Tt is 
insoluhh* m aindiol. I [ciicc |>lal ino-hydi(« )iloric. acid givi's a parlicii- 
hirly aharj) t*‘st lor potassium ions, if the ri'ut'tion is nia<Ie to take 
■|)hice in iirescnce of ahaihol. The reaction is most sensitive- when 
the u<iiU‘ous .solution of the potassium salt is evajiorated wilh platino- 
hydrochloric acid nearly to dryni'.'^s on the water-bath, and the residue 
then treated with a little water (or hotter still alcohol, if no snhstances 
insoluhle tlienan arc ])res<‘nt,), which will leave the jmtassium platino- 
chloride nndissolved. The jirei-ijiitate iniisl> not be mistaken for 
ammonium ]ilatino-c,bluridc ( 1 : 500 . 30, b). Large ipianlihes of sodium 
salts affect the sensitiveness of the reac.tion. 

4. Tartaric acid solution^ produces in a 

^ Tartaric acid solutions become mouldy on standing, and should, tlmreforr*, 
bo freshly prepared each time. 
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iinilml or aikdinii '' rululuni, of poliisrium koIIx a whitr gramdar 
crgstiilJwcjixripitiilorif jiolas,^imii/ii/il)iigni 'H{()H)C'()()]2HK 

{or K.ll('^11 1 ()(.,), ivinch lapidhf ^uhs/dcs. I'lui prori])iia1 ion takos 
pl:i( (‘ ininH‘<]i;i1<‘ly in conciMitr^tod solutions, l>ut ofton only afior a 
considorabh* litJio in <lihito solutions. No jnxM-ipitato is ()])taiiu'<l 
willi vory solutions X’n^oroiis shakiiit; or stirrini; of tlic licpiid 

niatninlly ]iroinoU\s tJu* fotnialion of tin* prci i|nt.it»\ It. is dissolv'd 
)»y alkalis and niiiKTnl acids; it is simrinylv sohddc m cold wati'r. 
but fairly solubk* in luit water. Tii t.cslin^ acxl solutions for jiotas- 
siuin ions witli tartaric acid, tlic fn i* acid nurd liist be removed by 
eva]K)ration or ignition, or neuiraliseil by tin* addition-'if sodium 
hydroxide oi carbonat(‘. 

Jit’ifir trsii/t.s (/sodiuiii hydrogfen tartrate, 

N.iTK li,,()(,. r/h'-li ‘(nl of jli'i' IniidiK' (ickI . The leaclion shows the 
same ]di(‘nomena. but. is inoiv siuisitivo, because no Indioucn urns 
are formed, > c no free acid is piodmed m whnh the |»ic« ipitatc 
dissolves mure leailib tlian in water: 

K 1 lib [ n(VU,OTI II 

but K [ INa- [-Ub,^lbd)V.I KilbJIdV.d N-t 

as, for <‘\'am|>]e 

KCl I lb,(dll,O,, KIM'„Il4(V, I IK 1 
but KC! I Nari('|lb|(>,r KII(',H,(l,i i Nat'l 

TIk' reaifion is also moie sensitivi' lioni tin* tael, that sodium 
livdro;;en taitiati' is nion* stnui^Iy dissoc i.it<‘d than taitaiic acid, 
so that; the sanu' <(uantil\' ol livdio^iui tartrai.e ion is |irc>ent m a 
smaller amount of lujuid. 

Pncldonc iick/ : A'H nijiuoiis sohiiioii of pn< lihn n-. IICH)^. 
pKiducrs in vi'u/idl. <tcnl. oi sohilioitx d d'hilc <-i ij'ldllnu’ 

'p/rrifi/fdlr of pottf.'-.siK/ii j)ncli/otdh\ KCKd This is sj)ann,L:l\ solubh* 
in cold waiter, and |ii‘a< tb ally iiisoliibh' in alcohol. It. is only simlitiv 
soluble in amds or alkali hydroxide .solution. Ammonium sails do 
not niv<‘ a jueci2)i1ate witli ])(■,( lilonc acni 

(i. A freslilv ]irepar<‘d mixture tif soi/nnii mln/r .soliifnm {'1 c.c. 
of a, 1(1 per cent, solution), coha/l inhatf .soluhon (live or si.y 
drojis) and <i<rltr. (icnl (I c o ) ]iroduc<!S m a lumtral solution 
liotassium salts a 5'ellow cr^stallim* ]»iecipitate of pofa.s.snnii cohulii- 
K;}!('o(N(to)(}k“ or of double salt ol soilium and potassium, 
NaKoLt^’olNO^Ifj! or NaMK[(‘o(N().>)(i]. concentrated solutions the 

^ Tn tlio ease of alkaline .solutions the rcagen^^ ahouM to «(Mcd until the 
rcaetien is strongly acid. 

^ For juirticular.'* of the pmpcrtie.s of the precipitate, sec CoIxiH, See UU, 15. 
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precipitate a])pcars iinfin^diately, but only after some time iu dilute 
fiojutions. It is also obtained (iven in tlie pr(!scncc of large (panti- 
tios of sodium salts. WIkui the latter ar(^ ])rcseut this reautioii is 
to be })rcfeiTed to that with ])latino-hydro(d)Iorie acid. 

Befor«; a()j)lying tin; test, alkaline solutions should be rendered 
just aeid with acetic acid, and acid solutions freed from acid by 
evaporation, or when this is not practicabh*. (liey should be neutral¬ 
ised with sodium carbonate. Ammonium salts give a similnr re¬ 
action, but only in concentrated solution. When it is a (luestion of 
detecting small amounts of jxitassiiim, L. T. Bowser [Clunii. Zcnlralbl., 
1910, If., t-'if); and 1911, 11., 18.‘18) reixnnmcnds the addition of an 
equal volume of alcohol, whicli should cause an immodiati! pre¬ 
cipitation. Ammonium salts must Jirst Ixi removed. 

According to Burgess and Kamni (t '//rya. Zctitnilh]., 1912, II., 808), 
the addition of a small amount of silver nitraO* increases the sensitive¬ 
ness of the naietioii. 'Phe ]>recipitate eonsists of AgKof'UfNO^lo 
or Ag.jKtV>(N(lo)(j. Ohviously tln^ reaetnm can only lie used in 
solutions fre<; from chlorid(\s. Other nu'f.ils, except sodium, must 
not ])(* pn‘S(mt, since other doiihh* compoun<ls of silver with cohalti- 
nitrite are also only sparingly soluble. 

7. A/f (ileoliolic solulion of sixlnuu hixnnilh (Inostilp/iair gives, even 
with minute (piaiitities of potassium salts a \ell()\v jirecipitate of 
■potassiu/fI hiMHulfi fl/iosulphalc.^ The preseme of th*' ( hloriiles of 
ammonium,- sodium, caleium, or magnesium ihic's not- in((‘ifere with 
the reaction. 

Kor tlic ])reparation of th<* reagent (which cannot lx; k(‘|it without 
decomposition) 7 7 gnus, of sodium thiosul]»]iat(^ are dissolved in 
50 c.c. of water, and 5 grins, of bismuth nitrate with the smalU'<t 
possible tpianliti/Di hy<lroeJiloric acid also in 50 c c. of wati'r. Equal 
volumes of the, two solutions an* mixed (1 to 2 drops of (!ach), lO 
to 15 c.c. of absolute ahxihol added, and then sullieient water to give 
a clear solution. To this is added drop by drop the liipud to be. 
tested for ])otussium (Carnot, Ber.y 9, 1181 ; ('ampari, Zritseli. anal. 
Chem.. 23, 0 ; Buuly, tlmi.. 36, 512). 

8. Silieohyilrojluoric acid, If^SiEt;, iidded iu excc'ss to a solution 
of a potassium salt ])roduccs an almost transparent gelatinous 
precipitate of potassium silieojlaoride, I\ 2 SiF,j. Tlie solution must 

* Tho .senaitivene.sfl of tlu' reai tion (lc|X!iuls mainly u))on Iho proj)orlions of 
alcohol and water iu the liqic'h Panly was ablo to dotect 0'0()005 gnn. of CKI 
with certainty. 

* Wo arc unable to coniiim tlx* Hfab'inont tli.it annnoiiiuin chloride prevents 
the occurrence of the reaction. 
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not bo alkaline or the silicoHuorich^ ion will be <lccomposod, with 
the separation of silicic acid: M)\V 1 SiK",i- 8 i(OJl )4 This 

]>rocipitate jiiight be niistak(n\ for potassium ion. 

1). The usual reagents for alkaloids, pir.ne artd, (or sodium pi(‘rate), 
,s‘()(lium 'pkosphoiuwisinti’, and phosjiJunnolifhlle (leid (on heating with 
the solution and suhsecpieiit cooling) all ])ioduce juu'cijiitates in 
solutions of [)otassium salts, that prodticiMl hv pu i ic acid being yellow 
and that by phosphotnngstic acid white* and crystalliiu'. The 
precijdtato ju'oduced by phosphomolybdic. a< id is formed, espea laliy 
when only a small amount of jiotassium salt is piesent . as a yellow 
de])Osit on tin*, sides ol the vc'ssol. 

10. Dipotassiuni hydrogen pyro-antimonate (Sd*. 20. 5) pHuhtce.^ 
VO precip/lati' ui vt'ulrnl or aUdlinr soIn//ohs of /ju(<i.ssmtn. sails. 
(Distinction from sodmm ) 

11 . At a strong ignition heat {uiiassium sabs volatilise, ami 
tin* more* n'adilv in proportion to the volali!il\' of tlu‘jr anions {of. 
j). 01). lioicc ifit /i rofahlisc m a iftis or -'^/inil fluiuc. to winch tlicv 
mipart a blnisli-violct (adoration. 

In ordc'r to product* the r<“action a sm.dl (piantitv <d tln^ solid 
suh.stanct* IS intiodiici'd on a loop of platinum wire mio tin* fusion 
area of a gas tlann* • (big 2b, p 81), or its solution is Mown into 
the Ihune from a spnu ing apparal ns (Kigs. 37 a nd 38. p 08). Spirit 
Ihune colorations may also be pr(»dnc(*d by lu'ating a |iota.ssium salt 
(preferably potassium cbIorid(‘) with a btth* wat<‘r, adding .sjiint 
wbicli burns with a eolouil(“.ss flanu*, and igniting tlie mi.vture The 
prcscnc<‘ ol a sodium salt eomjdett'ly masks tin* jMitassiiim eoloratiou. 
'I'lut u.se of light liltcM's (cobalt, glass or indigo or pd inangaiiate jirisms, 
S<!t 22),“ will (diminat.t* tin* disturliing luHiu'iiei* ol sodium, calcium, 
and lithium compounds. An\' orgaine. substanei's powc'iit, which 
would ma.ke the flame luminous, must b<‘ ic-movdl by a [jrebminary 
ignition. 'I’lie use ol tlio spectroscope* is much mon* (‘citaiu (Sec. 22). 

The spectrum oS the potassium flame is icpn st'uted m Table T. 
It contains two cliaraeteristic lim-s, tin* it'd a (TtiO Op/i) and the 
indigo-bIu(‘ (UtM/y/i) 

12. For details of tlu; fiixioolicnncdl (Irlccliov ol pcdassiuni, see 
Haushofer, M ihroskoitxvho /{cukho/irv. j) 53; Jb^ltims-Kley, 
Mihrockontsvhc .{ndlif'^o, 3rd (il . p. 2b, Scbooil, Zoilsch dual. 
Chtht.. 48. b(tl, bob ; Frey, thiil . 32, 201 , nu\sse. ihnl , 39, b , Ihu- 
korny, Vhrm ZcHlralhl.. Ibl3, 1., blO. , 

^ De(Tepit.atin<£ salts are iirevKmsIy iii a pl.itimim spoon 

* Othen* light liKera are ivi'oiimHii(ied by A bus Hdzog, i'hiaii. Z( it. 42, 115 ; 
Zeitsch. anal. (Jhem., 57 , 373 . 
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Skc. 29. 

(b) Sodium, Na, 23*00. 

1. Sodium is a moiiovaloiit mofal ’of sp. <j;r. 0'!)72 at 0'\ and with 

a meltiiiff point of 97 O ’. Its colour is siivciy white. It is iinstal)le 
ill (moist) ;iir. and lM‘lia.v<’s in an analo<,mus manner to that of 
pota.ssium in hu-mini; while /n/(hor/(!(\ Nat)If. It decomposes 

water without imiitin^ the lilierated hvilro^en. Sodium hydroxide 
lt((uelies on e\po.sure to air to an oilv lluid, winch soonhecomossolid 
aj^ain tlirouHh the ahsorption of carhon dioxide and formation of 
earl)onate.'“ ('rystalliscd sodium caihonate, Na^l '< )o f lOHoO, rapidly 
(dihm'sees wlxm exposed to t In* air. as does also the sulphate Na2804 

1 Sodium elilorid(‘ dissolves more readily ill wat(T than 

in eoneentratc'd li\diodilorie acul, sinc<^ the soluhility jiroduct 
I Na* 1. 1(T) IS ohviouslv formed, (wen in the case of lowin' Na* conccn- 
ti’ations, hv the execss of (T ions (p .'>3). Speakinj* generally, tlic 
sodium salts Ix'liavc essmitiailv in the same iminner as potas.siuni 
salts. 

Wliim sodium luii ns in the, air xod/a/a o.r/i/c.v are produeed, notably 
the white j)cro.nih\ Na^Oo. 

2. Sodium compounds do vaf volatilise at a low ignition tem¬ 
perature. 

3 A saturated solution of dipotassium dihydrogen pyro-anti- 

nionate ^ pm/mrs m siiffi(:icnll/f aniervlid/aJ nculral or alkaline 
fialalionfi of sodium salts a vl/ae r/ifsIaH/nr pirnpitale of disodium 
dihydrogen ])yro-nntiiiionate. Na^ll^Sh^D? ! till-iH- reaction 

is host carrii'd out in a clock-j^lass The precij>itate (owing to its 
being invariably cry.dalline) does not form immediately, and ^it 
first only a slight turbidity is usually ]uodiiccd, but, on nibbing the 
glass below the lupin) with a glass rod tlie, preeipitale rajiidly 
si'parates, and is deposit, I'd jirst of all iqion the iuIiImmI ])la(u\s in the 
form of a liea vy sanddike powdiu-. 

'I’he salt only si'parati's aftm* a long time {<•</. in 12 hours) from 
dilut(‘ solutions of sodium salts, and not at all from very dilute 
solutions. The sejiarated sodium i)yro antimonate is invariably 
eryslallhir. When slowly deposited it sometimes consists of xvell- 
formed microsimpii* t-etragonal pyramids resmiibling octaliedra, but 
more often of tetragonal pyramidal jiointcd prisms ; when rapidly 
])ro('ipitat,ed it has the form of small boat-shapc'd crystals. The 
])resence of a large quantity of jiotassium salts has a very considiTablo 
^ Will) rcgaivl to it.s preparation, see p. 112. 
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influence on t-h(i reaction. Acid sohdions c-aimot bo tested with 
dipotassiuiii diliydrogen pyro-aiitinionate, since free acids lil)prate 
jyyro-antvnwnic r/c/VZ, (Il 4 .Sbo() 7 ), from the latter, lienee, whenev»*r 
possible, free acid must be nnuovc'd by cva])()rati<)n or ignition, or, 
if this is not jiraeticalilc, by adding sullicient potassium carbonate 
to produce a faintly alkaline reaction before adding the reagent. 
In neutral solutions the, presencii of ammonium .salts of strong acids 
also causes a separaton of pyro-antimonu? a<-id after a short period 
of standing. This is <luc to the fact that ammonium salts undergo 
hydrolytic dissociation, and that tlu'ir solution through evaporation 
a<'(|uircs an acid reaction. A furtlim* jiri'cantion is that only solutions 
vvliich contain no other eat ions than tho.se, of sodium and potassium 
aiul, under certain conditions, of ammomum, must he ti‘sti‘d with 
dipolassium dihydrogen })yro-antimunate. 

1. Platino-hydrochloric acid, tartaric acid (or sodium hyilrogen 
tartrate), perchloiic acid, sodmnt, (nsundh fl/iosnlplndr, .sodmui, 
pirra/rd plio.spliolic and sodium fdiosjdioiuolphdutr give no 
]>reeipitates witJi soiiium salts in aipuMuis solut ion. 

5. A mixture ol hisumlk utinilc and poiassium iidiilc (slightly 
acidiliiMl ^sith nitrie. acid), to winch a little (•■isinm nili'uh' lias been 
addeil, proiluces in sohilions ol sodium salts .i yellow crNstalline 
precipitate with the eomposit mu r)lii(jN'(>^)j 'JfVXO.j; tJKaNt )^. It is 
a very sensitive leaet ioii. and only a b///«' id tin' solut ion uiidi'r c.x- 
Hiiijnation lUMMI b(‘used Jleavy metals interfere with the test. W. 
Craven Ball, t Vav// Zra/m/W., 1.. 1, Tlib (r/ also See o^, p IT1). 

t). When soduun suits uro, introduced into the fusion area of the 
flame of a Ihmsiu, hmucr or s[)jrit lamp volutihsullou takes jihue, as 
i?V the ease, ol potassium .salts SikIiimil salts are soniewdiat h‘ss 
volatile tluMi tlie coiresponding potassium salts 'ITie lulmtsc ifcllow 
Jliiutc coloiutKtu wiiicli appi'ais wlum sodium salts are volatilised is 
c.drcuuli/ idioKiclinsfu- ; it enubh-s the smalle.st quantify of a sodium 
eompoiind to be ileteebal. and is not alleeted by (,onsi<leiable (pian- 
titie.s of jiotassmm salts. 

'I'he Spectrum of the sodium flame (Table 1 ) shows when ex¬ 
amined with an ordinary spectroscope, only ono yellow line a. But 
by the use of apparatus with greater dispersion it is jiH-ognis<'d that 
the yellow .stripe eonsi.sts of two distinet lines (fiHT'Gpp and .ocS'J Upp) 
quite close to each other. 1Tie reaction is so extraordinarily sensitive 
that, as a rule, the ordinary .salt in tlie, atmosjiherie. dust is sullkieiit 
to produee a soilium .spectrum, if only a faint one. 

^ yodiuiu carbonate is precipitated liy sodium picrate. 
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7. With regard to the microchcmicul detection of sodium, see 
Haushofer, Mikroskopische Reaklionen^ jj. 98; Bolireus-Klcy, 
idikrochemuche Analyse, 3rd od., j>. 3J ; Schoorl, Zeilsch. anal. Vhem., 
48, 604 ; Lenz and Selioorl, ibuL, 50? 203 ; i*’rey, ibid,, 32, 204. 


Hkv. 30. 

(c) Ammonium, Nlfi. 

1. Ammonia, NJly, at the ordinary temfK’iatiire, is a colourless 
gas with a jienclratmg odour. At a lower temperature and under 
higli pro. sure it is (■omlens<'d lo a colourless, mohile liquid, with a 
strongly refractive action on liglit. 

'Aniinonia gas dissoivi-s very readily in w'ater. This solution 
shows an a/iahne reaction towards litmus, turmeric, and other 
indicators, aiul tluis contains livdro.wl ions and, us cation, the 
ammonium ion Nil j. When dissolved in wati'r there; is an imnieiliate 
addition of om‘ moleiule of water, wlun'ehy the nitrogen atom is 
translormed Inmi the. trivaleiit into the pentavalent condition: 
Nliij 1 11;>0 NHitlll (or Nil .] j nil')- I'he solutKtn contains, 
however, considerahly less free livdro.wl ions (i,s laintiv alkaline) 
than corresponds to the amount of ammonia gas in solution. This 
may be due eithei to tin* fact that <iiiiiiiottiuni iiyd/oj/de is only 
slightly dissociated, or that a part of the ammonia is simply dis¬ 
solved unaltered, wotliout combining chemically with the water. 
Ammonia combines with acids l»y addition to lorni ammoiiiuiu salts, 
e.g. NJl;j+JK1 NJl^Cl (or Nil;, | (T). 

The monovalent grouji (unniotfiiati. Nil,, behaves in (‘very resjx'ct 
in an analogous manner to that ol a metal, which must closely 
resembh' jiotassniin. Amni(nuum is nnknow'u m the nneumbimai 
condition, hut un alloy with mereurv, an ammonium amalgam can 
be prepari'd. 

2. Anunonnrm .salts (ue all cn/n/dc at a low ignition temperature, 

and .subside again on cooling in Mu^ form ol .saUuHates (p. 55). 
During the volatilisation there is ahvays a partial d(‘(;ompOHition of 
the salt into ammonia and free acid (p. 13). If the latter only 
volatilises w’itli dillicnlty, as eg. phosjilioiK; acid, practically only 
the ammonia escapes. In tins case hide, ij dny, snhhnialc is formed. 

3. Ammontavi salts are nearly all readily soluble in leater. TIic 
solutions are colonrh\ss, e.veiqit when the anion causi's them to be 
coloured. Ammonium salts are strongly dissociaU'd m aqueous 
solution, and hence tin; solutions of the .salts w'ith stiong acids show 



SEC. 30 


AMMONIUM 


127 


a neutral reaction (p. 26). The salts of weak acids, c.r/. ammonium 
(•arl)onatc, undergo i)artial hydrolytic dissociation (p. 28) ; they 
have an alkaline reaction and smell of ammonia. 

On hoilinji aqueous solutio.is. and even on evaporating them, a 
partial liydrolytic dissociation into ammonia and acid occurs, even 
iji the case of the ammonium .salts of stroii;^ acids. 3’hc ammonia 
evaporate.s to a gri'atcr ext(M)t than tiie aiid, so tliat the reactio!i 
hccomes acid. 

•t. Mht’U uitnnovniiu salts arc tnfaralcd with slaked lime (calcium 
hydroxide), prehu’ahly with the addition of a f<‘w drops of water, or 
when I liey a r(‘heated in sol id form or solution wit hpotassiun' hydroxide 
or sodium hydroxide solution, Ihc (nmnouta is Uhcralcd III ijascotis 
/(ifiii. and may he identified firstly hv its odour, .secondly hy its 
rcachoH on iiioistmaal (cst ]taj)cr, aiul tfiirdly hy flic fact tliat it 
pnxluri's n'hhc fiuucs ulicii brought int(> loiitact with an object (a 
ulass rod) moisf cnc<l with liv<li'oc)iloric, nif ric, or ucclic acid, or in 
fact wifh anv rola/dc acid. 'I’hc.si' fum(‘s are due to the formation 
of solal sails when lh(‘ gas<‘s meet in fh<‘ air. Jlydiocldorie. aca'd 
gives the most sonsiliv<‘ leaction, hut acelii^ acid is less liable to lead 
to a iiiistak(‘ 

II the ammonia is i“\p(‘!lcd in a small Ix'aki'r, pi‘cfcral)Iy liy 
means <»f e.ileium hvdr<i\id(* ni pia'seiice of a verv little wat(T, and 
tlu' beaker is cov(‘Hal wifh a elo< k glass to the eenfre of flic convex 
side of wliii h a pii'cc of moistmuxi tiirnim’ic papm* or lilmus paper 
is aUaelu'd, if. is ]K)ssihIc to (h'tect (‘veii mimiti* «|uantities of 
amiiioiiium ; hiil- in this ease i he reaef ion does not take place at oiu'e, 
luit only aHi'r soim* tiim*. If. is aeeeleratod hv genflc Inciting. 

inust lie taken that (In' moisl r<*agent ]ia[)«‘r does not «-ome into 
contact with particles of call mm hvdroxide {of also 12) 

f). Platino-hydrochloric acid behaves towards ammonium .salts 
Jii the .same way as towaids potassiumsalts. d’he resulting \ ellow jirc- 
eipitate of a-iinian/laiih plafliaicJdondc, {Nil j)..rt( ’1,5. eojnposcd, like 
the eoiTosponding potassium comjiouiid, oi oetahedia. as can be 
seen under the luieroseojK*. 

0. Tartaric acid solution jireeipitati's, after some t ime from very 
eoneenfrated neutral solutions of ainmojiium salts, a portion of tlie 
ammonium as ainnionlaiu hifdroqcv /('///n/Zr. ^iTj)IU'jll,0(i, but 
solutions wbieli are at all dilut(^ do not yield a precijiitatc. Sodium 
hydrogen tartrate solution eifeets a, more complete ]irecipitatiou 
from eoncentrated .solutions, and (‘ven proihices a jinaapitatc* in more 
dilute solutions. Ammonium iiydrogmi tartrate is a white* cry.stalline 
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j>ro(:ipitate ; slmlving and rul)]>inj^ tfie ai<les of the glass vessel promote 
its separation. It behaves towards solvents in the same way as the 
corresponding potassium salt, exc(q)ting tJiat it is somewhat more 
soluble in water and aeids. “ 

7. Picric acid, sodium Ivm/slalc, and jdtosjthovioli/bdiv acid have 
an analogous at-tion u[>oii ammonium salts and potassium salts. 
Tlio cohallonilrilc waf/rul (rf. S(‘e 28, (5) gives with coneentrated 
solutions of ammonium salts a ]>re(*ipitat<^ sijuilar to that obtained 
with ])otassiuni salts 

8. Perchloric acid gives no proc.ijntate with solutions of ammo¬ 
nium sails. (Distinction from potassium.) 

Dipotassium dihydrogen pyro-antimonate <Iocs pr<nluce a 
crystalline ]ireci[)itata! with ammonium salts. (Distinction from 
sodium; see, however, ]>. 125.) 

]\T<‘rcuroiis and incriiiri<- salts uluai ad<lc(l to si)lutious rouluiniiig 
aminouumi ions produce various o<unpic.v eonipuiinds, sonu' <d’ wliich arc 
of importance’ for tlie detection ut small (piantities of the aiiimoimnn ion. 
All ilie.sc' eoinponnds may be legauli-d as atnmonnim salts (containing, 
tlu*.refor<‘, tlu' N in pentavaleid coiidituiii), m \vlii<-li tin* hydrogen atom is 
wliolly or partially leplaecd by ineieiiiy, or as donbli' salts of tiiercuiy, lu 
which, madihtion to another anion. IIk* monovalent ouIkIi' amide Kil 2 
(containing the N in a Irualent condition) is present. In the e.vplanatiou 
of the following reactions, immlieied 10 to 12, v\e hav<^ aitoplcd ilie fornuu' 
hypothesis. 

M>. Nrs.dir'srcaf/rf/l ' (an alkalme solution of itim’eiirie potassium iodide) 
produces in a liipiul containing ammonia or an ammonium salt a lod-bvown 
[>r(‘cij)itate (or in n /// dilute solution only a yellow <a>loiatioii, w Im li at the 
extreme limit of dilution may only aj>pe<ir alter a eonsidmable time). 
This preei[>itato consists of diiiieremie ammonium iodide, Nllgd 1 U-D 

II \ fig 'H 

p D\—I. 1 II.,() or (>/ X I 

\Hg 'ir 

Tho reaedion lakes pla(;<\ in ueeordanei! with tiu' equation 

2 HgK 2 l, |-;IK()H i Ntr^OH (XHgd I 11,0) ; TEvL f ;{I1.A>. 

* Thus IS priipariid hy d(.s.soIvmv .‘{5 grnis of jiotassiUm iodide .and l.'l grms. 
of mereurlc chloride lu STiM) e.c. of \Miler, llio liquid hemg hoatisd to hoiluig 
and stirred until a clear solution ohtauual. 'I'o (ins is iKl<le(i, drop liy drop, a 
cold saturateil solution t)f mcrcuiK- cliloiide untd a iicnnanisit precipitate l>egius 
to be formed. At this stage IhO arms, of potjissium hydio.xide or 120 gnus, of 
sodium liydroxide are adiled. and tliu lujuid dilut^'d with w.ator to I litre, anil 
after the addition of a little more inrrourn- cliloride soiutioii, allowed to settle. 
The clear solution has only a sligiit yc-ltowish colour. 
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AMMONIUM 


\' 2 \) 

Warmiaj; tlio luiuul promotes the st‘])aration. of tlio precipitate. Cya- 
idcR, sulpliides, and liydrocarbonatea of tlioalkali metals, a.s also free carbon 
ioxide, mtorferc witli the reaction. It is also prevented by tln^ presence* 
f .sohible salts of alkali metals, and^ in general, of such substam es as form 
•rccipitatcs with alkali hydro.xides. 

yi'S^tkr's r(a<)C'n( is especially used in testing natural waters for amnio- 
iium. For particulars reference may bo made to L*arL 11 , Chapter 11., 
tee. 108. 

11. A few drops of a solution of ttirirunr, rJtlont/r produ(‘c in aijueous 
olulions of ammoiua or ammonium carbonate, even wIh'u very dilute, a 
rhite precipitate of mercuric ammonium i hloridi*, N'll^IlgCI: 

Hg 

x <1 

'll 

I'l 

In till* case of exc('<‘<lmgly dilute solutions no turbidity is piodiiced, liut 
)n aildmg a few (hops ot potassium or sodium carbonate solution a white 
mladilv or o|rilesc(‘nce is oin.amed alter a fmv minuti's, even wlicu the 
lilutioii has Ih'cu earned to an extreme limit. ’I'tus r(“aetiou oeeius wlien 
ivatir uliieli eontaiiis a tiaee of a neutral ammonium salt is tu^ated with a 
levs (hops of a soliilion of mereuite ehloiide and a few drojis ot a solution 
'f potassium or so<lium carbonate. The [ireeijntate which s<'[)aiat(“s on 
ihe addition of alkali eaibonali? has the eoin[)osition 

I 

XHgd'l i I1..0 (>' /M' Cl) 

\ llg/ 11/ 

'ar(“ must be takisi w lieu adding the mereune elil<uid(' and alkali eai Inmate 
diat lh(“ amounts of thes<‘ aie not- snMieusit to eausi' a yi'llow jueeipilale of 
neiciirie oxm1(“ Io b(“ lormeil (liolilig, Schoyen *). d’lu' nsudion has also 
I'cen ie«-;ommeiidrd ior llu“ examination of natural waters. lA'iiaio - calls 
lUeift-ion to the la.et that in this ease. imd(‘r ciTtam conditions, water tree 
from ammonium mn ma\ also yield whiti' pnn ipitat<‘s of mereune li \ droxith* 
>1 ox\elil(.>iide, oi (d a double earboiiate ot tueieuiv and calcium, but that 
these may he (listingiiished from mmeinie ammonium ehloiide l)y being 
'onsideiably mori' soliibli' m acetic acid d'iie teaelioii, unlike that 
>btamed with Xesslei's reagent, also taki's jilaee m aleoliolu solutions (i)e 
Koiiinek ‘)- 

12. On adding absolution of mocKiiin-t nilt<ilr to a lupiid eonlammg free 
aiimioma or ammonium (“ai honati', a hlaek (or m tlie ease of viay dilute 
solutions a gieyish-whiti') juecipitati* is obtanusl. 'I’liis is a mixtuu' of the 
JM’i'cipitate produced by mercuric compounds (sci^ I I) with motaMie mercury 
(see .S(!e 71,0). 

' Zcifscli. anni. ('h'in . 2, IKfO. • 

' Boll. Chiut. Form., 39, 707 ; ('lorn. Ztvlrulhl, lOOJ, I., 20.'{. 

^ Chevi. Nvivs, 69, 220 ; ('hem, Zenlralbl., 1804, 1., i00(>. 

•) 
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}it‘nc(% if tli(‘ anitnoiiia litK-ralcMl aocoidini' to (4) is brouglit ink) fontact 
witli a glass I’od nioish'iuMl uilli mcjcurous nitrafc and intiodneod into the 
•tost-tube. or witli a dioj) of the solulion suspendc*! from th(^ eonv(‘\ side 
of a (•lo<k-glass covoiirig lli<‘ b<‘al<er in winch tlu* aininonia is being 
<l(!V<i!o[M'd. or wilfi a strip of paper inoStened with the reagent and placed 
beneath tli<‘ clock-glass, the drop or th<‘ jiapcr strip will becamie gny or 
black. 'I’liis method ot applying the test may lie. rccummcndc'd, be(;au8C 
the in'i scncc of large (plantitics of salts may inlliicncc or previ-nt th(“ rea<dion. 

13. If a few di(*ps ol a l(t |»ci c(Mit.. solution of pnlassunn iodide and a 
diop of a satiiiali'd solution of Midnitn In/porhlorilc {luiii dv dtirrUe) are 
addl'd to a. solution eoiitammg ammonm oi an ammoiimm salt, a black 
j)r<‘ci]>itatc of iiitiogi'ii iodide is obtained 

2MI,,('I : 2K\ ; 2t'l()Na Mil, Ml, L>Kt'l 2.\aCl [ 211,0 
Oft 2MI-, 1 21' , 2t’lO' Mil, MI, 201' ' 211,0 

'rh(“ ri'aetlon is \el\ sensitive ('I’nll.lt and Tniehel ') 

I 4. On adding l<> to l."> drops of a solution of paiamlro-azoben/(“n(‘ “ to 
Id e e. of the solution to be tested for ammonia or an ammonium salt, 
shaKing the tube \ igoionsly, and slowlv adding, diop bv drop. Id per cent. 
Hodinm hvdroMde sointion, a i(‘ddish \'elIow elond is obtained, which, on 
further Hhaking, nnpaits a vellow to led eoloni to the solution. 'I’lio 
addition of sulphniie ai id m (‘\e<'ss dtaoloiises the solution and causes the 
separation of mieroseojiie \ellow needhs M’Ik' naietion is very sensitive, 
and IS ohtauK'd with all snhstanees whieii v leld ammoma nndiM tlie action 
of alkalis (Kieglei '). 'The reaction is based upon tbe formation of tli(‘ 
eolonred annnomum salt ot /Miitro|)lu‘n\Imtiosamme. 

h'or fmtln'r n'aetious foi tiu' ih'teetion of small (piantiti(‘s of ammonia, 
espi'cially m tlie air. si'c Z'ihrh mud ('Iniim 21, otJd ; 39, 077; ('hem. 
ZiNlralhl., I!M2, II . i;tH7 

ir>. Kor the inicroelKnme.d (hdi'clion of tlie aiiiinoniutn ion, 
refi'reiua' niav Ik* inadi' to I l.iiisliofer, M/Imslop/.scl/c L'cakxmfti. 
p. 13; and l»ebrens-KIev, Mi/,/oc/tcin Anolpst-. 'drd vi\ . p. 3b. 

Sice. 31. 

f^umnuin/ (oid Enmirh on Oroup I. 

[. Tin* deteetion of pota.ssnim ions is onlv po.ssiblo by nioanH of 
ino.st reagents wlieii anunoimnii ions an* not also present. The 

^ Ceiayitos mid., 140. 37 t : ('him. Ztnlinlht., 100.7, I., S32. 

® 'I'he reagent I'J prepared b\ heating I grni.of parunitro.inihne with 20 e.o. 
of water and loo. of hvdroelilotie acid, diluting the resulting .solutmn {with 
vigorous shaking) with lt»0 e.e. ol water, and, alter eonJnig, adding 20 c.e. of a 
2T» per cent, solution of sodmiii intnti', and sliaking the llask until cvorvthmg 
has dissolved. 'I'he reagi'Ut heeomes t ut bid after some tune, but may be rendered 
lit for u.s(' again by tiltra'lmn. 

J CIkiii Zi it., 21, Hep. Wl. 
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prosenco of aninioniiim salts also interferes witli tlie <letection of the 
sodium ion l>y moans of di])otassium dihydrojTen pyro-antimonate. 

Hence, before testiiif; for potas.sium or sodium, any ammoniunr 
salts present must be removed by ijcntlc ignition, until visible vapours 
no longer (iscajie. ('J’lie detection of ammonium salts may be 
readily olTected, even in the ])resence of potassium and sodium salts, 
by liberating the ammonia by moans of calcium liydroxide.) The 
residiir from l/o’ vinitio7i is dissolved in the souillrst pos.sihle (juantity 
of water. Owing to the relatively great solubility of tlie salts which 
serve for the deti'ction of the alkali metals, all reactions for alkali 
ions are only olitained with ((irtainty in concentrated soln^ons. A 
decision may thus ])e reached with one drop of a conceiitruted 
solution, wlidst t.!u‘ result may often be uncertain with a large amount 
of .1 dilute soliil ion. The detection of soihum is elfocted hy means of 
dipotassium <!ilivdrogen pyro-a,ntinionat(‘. close'attention being paid 
to the ('onditions of the reaction, and tlu' nature of tlu^ juecipitate 
{if. Sec .3). The pofossinttt ion is detected hy means of {ilatino- 
li\droclilorie. acid, or sodium hydrogen tartrate, or. I>ett(‘r, in presence 
of a largo I'xeess of sfxlium ion, h)' means of tlu' eohaitonitrite reagent. 
If th<^ ]>otassium ion is to Ik*, detected in (I/c presenev ammonium 
ion jK'nddoric acid is used. 

2 Potassium is most easily identified in ]>ofassium platiao- 
chloride, perchlorate, and hvdrogi'u tartrate after a prcdiminary 
decomposition of these, sjilts by gentle ignition, 'rhe ]»latimim 
compound (the decomposition of which is facilitated hy the addition 
of a little oxalic aci<l) and the perchlorate yield potassium chloride, 
whilst ])otassium liv<lrog('n tartrate vields sodium carbonate. Potas- 
siiiin eohaltinitrite yields, on ignition with sulpluiiie- acid, potassium 
sulphate and eohaltous sulphate For tJii* direct dete<rtion of 
liotassium in potassium iodide, tartaiie acid or sodium hydrogen 
tartrate are more smtalilc titan platino-hydmcldoric aei<l or the 
cohaltonitriti* reagent, since the addition of the former prodiieos 
a deep red coloration, clue to piatinic. iodide aiid free iodim*, wliicli to 
some i'xtent eoma'als the sc'paration of t he potassium itlat iiio-eldonde, 
whilst nitrites (le<‘om]»o.se iodides in the prt'sence of acids, with the 
separation of iodine 

3. Wlien small (|uantities of sodium ion arc to be deti'ctod in 
the [ircseuce of a large amount of potassium ion, the latter is first 
sepiirati'd l>y mi'aiis of platino-hydrocbloric acid, the ])latinum 
removed from the filtrate by means of liydrogen sulphide., the filtrate 
from this jirecijutate evaporated to dryness, the residue gently 



m BEJIAVIOVR OF SUBSTANCES TO REAGENTS nii. n 


i^fnited and dissolved in a little water, and the solution tested with 
di])otafisinni (lihvdrojien ])vro-antiTnonate. 

* 4. The ])ot}issinn» and sodium ions may be readily detected with 

very imn-li more sjieed by means*of the llamo colorations than 
by the W(“t method, and the test is infimb’ly more, sensitive. The 
sodium coloration, ho\vev(‘r, t'omph'tely masks the ]>otnHsium colora¬ 
tion, <'ven wlien only a small nunntity of sodium is ^ncsent; but 
wlu-n a S])(Mt.rosco])e is u.sed, the spectra of both metals ap])ear so 
sharply and chanly that a mistake* is impossible. The presence of 
sodium chloride iiiiensilies the stri'iieth of the potassium lines up to a 
]»i‘oj)orii%n of lOO of so<lium chloride to ! of potassium chloride; but 
in presence of a larger projairtiou of sodium chloridi* the sensitiveness 
of*the spectrosco}>ic detection decreases aj^am ((Jooeh and flort). 

If a sp<‘(troseope is not availabh* th«^ colour of the potassium 
flame may he oasilv rec(){i;nis(‘(l. oven in an intense u’llow sodium 
llame, by the aid of a jj;lass prism iilled \Mth a solution of indiyo or 
})otassmm peiman^anati*, b\ nu*ans ol the In^ht (liters re< ()mmended 
by Iterzog (sec j» foot,note 2), or liy means of blue glass. 


Svv. ;i2. 

SrEciAL Keacttons of Memuejis of the ITusr Group of Less 
Frequent Occurkkncf.. 

I. Caesium, CV, i;p2 si. ami 2. Rubidium, Tib. sn in. 

The eoni})oumis of ea?sium and riiladium, C‘spe(ia]|\ those of tlic 
latter, are widely (hstnhuted in naUire. hnt only m V(“ry small (piantilii s, 
Tlicy liavc' bi'cn found m liie mother h<{ii(ns of many mmeral waters, ami 
in a few mim'ruls (lepidulile, eamallitc), < jesmm m ^leater (juantitv m 
pollnx, amt iul)i(tmm m be('tro<>1 molasses ami plant ashes 

Ca'i^uim and inhiiliiim aie silv<*iy.while metals eloselv re.sem])!!!!^ 
potasBiiim m all tlieir eliaiaeteristies. The meltm.u point of ciesium is 
20‘4', tliat of lulhdinni : the sjj pr. of ea'sium is I-88, that of 1 uhi- 
dium l-r)2. Sjieakin}' t^em rally. the eompomuls of ea'siuin ami rubuiumi 
are very similar to those (»f jiolassmm. 'I'luis, tiie\ are precipitated from 
their aqueous solutions hy jiltdnio-hi/^liocliiorir ura/, and their volatile 
eompoumls also mqiait a \iolet eoloiation to a non-luminoiis tiame on 
ignition. With regar<l to the soluhility of the salts of potassium, ruhidium, 
and easiuni, it may he stated that as a general rule the solubility of the 
simple salts increases with tlu* nsc' in atomic weigiit from jiotasaium to 
esesium. whilst in the ease of the complex salts it decreases from jiotassium 
to ea'siiim. lienee the precipitates given by ca'sium and rubidium with 
platmo-ludioehloric aciA are far mon* insolublo m water tlmn potassium 
platmochloriile. For example, 100 gnus, of water at 10'^ w'iU diasolva 
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tjigrms. of potasshini platiiiocli!oticl«‘, Imt only 154 ingnus. of rubidium 
pliilinocliloiido. or 50 ingrniH. of (‘ii'sium platuuK-hlondo. Tim alums als(* 
.vliou' ;.n«-at <htlon‘n<-(‘,'^ in tlioir solulality m cold wator. Thus, lOO parts 
of water at 17 ‘ dis^<»lve! 115 (> pails of jiotassium alum, '2-'21 parts of rulu- 
diuin alum, ami OMil!) pail of eu'sium alum. 

'I'Ih' inelaLs ai<' most leaililx distinguisln d from eaeli iitlier and from 
potassium hv the faet, that llames colomed l.»y eiosuim ami rulmlium 
iom[)oiiuds moM '■/Krlm (piite- tlilleunt iioiii tlio potassium speetium 
('I’abh' T ). In the e.osium sjK'<'lMim th(' two lilu<‘ lines a 455‘5/i/i and 
/3 uhieh aie i'S.lraoidmai i!,\ shaip and ilistiuet, arc ]iaii leularly 

1 harat tei ist le . w hilst adjoining tliem is also to he noted tlie less jm onuiu'ut 
line y tild <»////. In (In' iiilndium siH'etium the heautitul indigo Tilue hues 
a 120 an<l /3 121 h/^/i of '■xtiaordinai v intimsit v tirst lafeh tlie t'vo; 
less iuteiis(‘, hul still more eliar.K tei 1 stle, aro tho red litu .s y 020 7/1/4 and 
0 020 0/1/4. When both alkali metals aie to hi' spentlo.seojiically identified 
m the piesenee of e,u h other, the chlorides, not llic eaihonates, should lie- 
ilii>sen, feiiiee m the ease of the laltei the lulmlmm speelrum does not 
•dway.s appeal ilistmetly m association with the e.esium speelrum {Allen , 
Heint/.). hastl\', it should he mentioned that, ca'smm carhonate is .solubli', 
ulnlsl, I'lihidium earhoiiale is iiisolnhle m alisnhile aleohol. It: is dillieult, 
however, to elleet a separation m this WMy, smee the two metals appear 
t<» foim a doulile salt wliii h is not entiiely msulnhlu ni aleohol. A hettei 
method of sepai.ilioii is l>\ means of the liydiogeu tartrates, that ol 
inlndmm lx on: >o!uhl<- m s 5 jiaits. of hoiling water and m H4'57 parts at 
27 ; whilst <;i.sMiin h\dio< 4 en (aitrale dissolves m I‘ti2 puit of hoiling 
w.itei ,md m lo;52 |).u(s at 2.5 (Allen), and potassiiim liMhogeii turti'ate 
ie<|nir(s tor sohilion Id pails t-f hoihng water and 77 jiarts at 25'. 'I’he 
mo>t (lu^tuoithy pioei'ss of sepaiating |)olas>iiim and rulndium from 
'asium IS ha-'eil upon the abovc-meiitioned iilsolubilily of the eoniplex 
s.dts ot ea'siuin <uid lieavy metals, and the two toiloumg methods depend 
upon this |HO|iei t y. 

i(. The loiKeiilialed solution of the salt is tieaU-d with a solution ot 
iiiitmioiiv tiiehloiidi 111 sliong h\dioehloii< aeid, and the piei ipit.itn oi 
‘.esuiiii (hloiide aiiliiiiony eJiloride, !}('si'l,2Sh( I,, which sejiaiaU-.s imtiii' 
iliatily, IS eollix led on a lougiieiied liller and w.ished with strong hyiho- 
'liloiie aeid. All otiier alk.ih metals, imdiidiiig ammoiimm, are not pre- 
eipilateil, lait .ire found together with aiitimoiiv triehlorido in the liltiato 

(Ifodetliuy ^). 

h. Tlu' liot eoiieriitrated .solution of the salts eoutaming a eoiisidetahle 
ainoimt of stiong Jivdnx'hloiie acid is treated with .stannic eldoi i<h‘, and the 
pieeijiitato of ea'Sium < hloiostaniiate. I'soSnf'l^;, eoileeted on a toughened 
filter, washed wntli stioiig hvdioehlorie aeid, and dia.solved m hoihng water 
lioutaining a little hydioidiloiie aeul. It is again precipitated with eoneen- 
trail'd liydroehlot le aei<|. sejiaiated, and again washed with strong hyilro 
chloric and. The filtrate will eontam the ruhutiiim and any potassium 


1 Bir., 7, 376. 
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preBcnt, togoUier with the excess o£ stannic chloride. Any ammonium 
<hat may be present, liowever, will be hnind as ammonium stannic chloride 
in the procipitat(“. Hciico, ammonium^salts must be removed beforehand 
(F. Rtolba).^ 

For dilT(‘r('iitiatiug between e{esnim and rubidium on the one hand, 
and jKjtaHsium on tlie other luiud, us(5 may bo mad(‘ of W. C. Ball’s observa¬ 
tion,^ that a complev mttate of bjsmuth, sodium, and one of the two metals 
is formed when a little of tlio solution is adihsl to a veuy large excess of a 
solution of 10 grins, of bismuth nitrate and bO gnn.s. of sodium nitrite in 
100 (! e. of water acidified with a few drops of nitrie acid. In th(> presence 
of (“a:*siu^n or of rubidium a yellow erystallme preeipilate. is prorluci'd 
(r/. Bee. 20, 5). 

• 5Bi{N()2),.0('sX().j.fiNaN()2, or lii(No,)^. 2 HbX(),.i\a \02 

For tli(^ microscopical detection ol eaxsium and rubulium, ndereiieo 
may bi' made to Haiisliofer, Mihih'ikopx.schf Hidklioixn, p. 31 ; Behren.s- 
Kley, Mtkrochm. Anahpr, 3rd ed., ]>]>. 37 and 38; K. Deuiges, ('hnn. 
Zcniralhl, 1917, II., C-IS. 


3. Lithium, Li, 0*91. 

1. Lithium is widely distiibuted in natuie, but not in largo (piantities. 
It is froqmmily met with in tlu' analysis of mineral waters, saline nuither 
liquors, and jilant asb, but. not often hi tlui analysis of teelmical and pharma- 
coutical jiroduets. lii aecordaiiee with the geiu'ral tiaideney of tlic 
elements in the first horizontal series of the periodic system to apjiroxiinatc 
in their eharaeU'iisties to the ehmumts occupying llic folloirimj vertical 
position, lithium forms tho transition eh'mciit bidweiai tlio first and swond 
analytical groujis. 

Lithium is a silvery-whito elastic nudal of sp. gr. 0 534, and molts at 180”. 
It decomposes water, and becomes oxidised in moist air. Lithium orUc, 
LiuO, dissolves with difliculty in water, and docs not become moist on 
exposure to air. 

2. Most lithium mils are soluble in water, sumo (litlhuni chloride) 
deliquescent. 

3. Lithium curlmudh: dis.solves witli ditheulty. Its solubility increases 

08 the temperature rises. In water coiitainmg earhoii dioxide it is readily 
soluble as hydrocarboaatc, oven iii the case of solutions which contain the 
chlorides of the other alkali metals or of ammonium. The* jireeipitability 
of the lithium ion by means of ammonium carbonaU^ is, tluaeforc, not 
imi>ortant for the of lithium, but must be noted, since lithium 

^ Zeitsch. (innl. Chtin., 12, 440. (Joilufiroy (/oc. rif.) ]ioint.s out that rubidium 
ion also yields with stannic hydrochloric acid a chlorontannate, which dissolves 
with difficulty in hydrochloric acid. Cossa also obtaiuc<l unfavourable results 
by Stolba’s method, and reconimends Uodcflroy’s procc.ss. Zeilsch. anal. Chem. 
17, 360. 

* Ghem. Zcntralbl., 1010, 1., 706. 
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jluvy bo partially precipitated togetlu'r with the carboiiaixis of the accoiul 
group. ^ 

4. Dimliinii hi/dnxjoi phosphate produces in not too dilute solutions 
of lithium salts the botliug teinlaTatuie, a white crystalline precipitate 
of iiornud lithiuiti pfiosphotr, i whu li rapidly subsides. 'I’lns 

characteristic reaction for litiuum is rendered far moie sensitive by adding 
to the solution eonlaiiung llie htlmirii salt disodiuiu liydrogen pliosphate 
and sulhi-ient soihiiin hydio.xido (<> leruler it alkaline, aiul e\ apoiatiiig it to 
dryness, moistening tlie lesidiio with watc'i and adiling an eipial vohiine of 
amiiionium solution, uiuh'r uhieli conditions even a \ ery sinnll amount 
of lithium separates as 2lii,l’(), : 114). 'I’lu' pieeifutaii' melts over the 
l)loi\pi[>o ilame, \ a ids tiaiispareiiL beads when lusial with sodium ifirboiiate, 
IS ahsorix'd liy ehurcoal, dissolves m hydioeldoiie arid to a h<piid whieli, 
when diluti'd and treated witli excess ot ammonia, leniams clear in «lio 
<()1(1, hut oil boiling _jields <L fieavy eiystulluie priH'i[)itat<' of the above- 
meiilioned eotn[)ouu<i, (l)istiue(ion fiom j>hosj)liates of ttu' alkaline earth 
metals.) 

On (reating a not too dihiti* solution ol a lithium salt u itli nnnnonunn 
Itiionilr (frei‘ from ammonium sili<-olliioi ale) and excess ol ammonia hthinin. 

giadually sepaiales as a whiti' izelcitmoiis jireeipilate. Siiici' the 
lliiondes of polassmm. e.esnim. and iiihidiiim ar<‘ MMilily solulih-, m waU'r, 
even w lu'ii eon I am mg amiiumia. ami soilium liuoiide leqmie.s only 7*) pai ts 
of a mixture of eipial paifs of water and aniiiioimim li\ <lioxi(h; for solution, 
wlieieas lithium lluoiule i(M|iines d.'iOt) parts, it ts possiliie to sepaiate the 
lithium ion as litlnmn lliioiide. )>i'o\idmg that the amount of sodium loii 
pK'.sent IS iiol. loo great \ cry small (|iiaiitili(“S of llu' litluum ion aie best 
soparateil by evapoialmg tlu* solution of tli<’ alkali sails, aft«-i tieatimnt 
with ammonium ehlonde, m a platinum liasin on iho water-l>alh, ami 
tK'jitmg tlu‘ lesulue with dilute ammonia solution {A. ('arnot '). 

0. ’/'u/Yuric anil and pluliiio-iiiptivrltlimi: wal ih) not pn-eipiiate lillunm 
salts men fioin eoneentralixl solutions 

Wlien lithium salts an- mtunlueed on platinum wjie mto tin*, non- 
luminous i/ds Jinny’ they im|)ait a eaimme-ri'd eoloiation to the Ilame In 
ord(‘r to obtain tlie leaetion witli silieaU's c-ontaming lithium, an aihhtion 
of plaster of Pai is or, betlmy ol a mixture of plaster ol Pans and pini! Iluor 
spar m the proportion of 2:1 is ivipuri'd. Lithium phosph.its' gives the 
Ilame i;oloration on moistening tlio fusi'd liead witli [iyln)ehlone ai al, 'I'ho 
litlmmi eoloiation is masked liv the sodium ei.iloiatioii, and must, therefore’, 
in the presimec of sodium compounds l>e vieweil thi'ough l»lue glass or 
through tluii layers of mdigo solution A litlh‘ jiotassium docs not mask 
the lithium Ilame; m the presence of nmeh potassium litlmim ma\ be 
detected by inlrodiiemg the substance mto the fusion area ol tlm llanu^ 
ftud comparing the colour {uoduced with that given b\ pure potassium 
'vhen the tlarne is vic’wed through an mdigo prism (sec p. 02). When seen 
through the tliinner layers of the piism the litlduiu Ilame aj)[ieais redder 
than the txitassium flame, ])Ut through somewhat thiekcr layers the flame 
1 Zeitsek. anal. Chein., 29, 232, 
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1 ‘vontually aj)j>c'ar of 10(11103:^, when the proportion of lithium to 

l)ota«Hium ih very small; if the lithium predominates in the Bubstance tlie 
^intensity of tin; r(;d lithium ilamo decreases jierceptihly when viewed through 
the thicker laycus, wheicas tlie colour of the pure potaBsiimi llamo is not 
weakened to any ajipn'ciahle extent, liy this means it is possible to detect 
fractions of one per cent, of lithium m potas.siiim salts. ISodiuin salts, 
niilcHs pu'seut iii overwhelming ipiantity, have but little influence on 
these pioeesscs ((Jaitmi'll, Bun.scn). 

Tlie hthmm spictrum (Talile !.) is paiticularly distinct. It is esiK.“cially 
liharaeUuisiHl fiy a beautiful earinine-u'd lino a 67t)'82^t/i ; less conspicuous 
is tlie faint orange-yellow line ji 610’118/ii/t. Tlip Jlantc of a Bnn.'icn burner 
with ordtfuiry gas as a rule shows only these lines, but if lithium ehlorido is 
introdueod into a lii//iro(jen Jlnno', the temperatuio of which is liigher, a. 
faint blue Imc iij&'HpLfi ajiju'ars, and this is lutcnsilied m the (uyhi/ihof/i n 
flame. Its [losition niNirly coincides with that of the faiutt'r of the two blue 
ciDSiuin liiu^s (1’vndall, I'Vankhind). 

8. For the mnnorjinnieal methods of detecting lithium ion, seo 
iJausholcr, M ikro,'‘h>pi-s< hr lienklionf.ii, p. S5> ; H(‘lirens-l\iey, MikitHhi iii. 
Anahj'fe^ drd <‘d., p. 45 ; Schoorl, ZniM h. anni. Cliein., 48, 508. 


Hiinimni y <n/<{ Hr nun k-'<. 

In order to detect small quantities of e;eoum, niljidiiini, and lithium 
ions m the [ii'csciicc <4 large quantities ot sodium oi 2 'otassmm ions, as is 
n(>eessarv, foi exainjile, m the anahsis of mmei.il wati-rs, tlu' dry elilondos 
are moistened witli a few tliops of hydioelilone acid and (‘xtraeled witli 
SO per cent, alcohol, whicli leav<‘s the greater projiortion of the sodium and 
jiotassium chloride m the residiu'. 'I’he solution is evaporated to dryness, 
the residue ^ taken iqi with a litth^ watei, and an cxees-s oi jilatmo-hydro- 
elilorie acid added The jiieeipilaU' is scjiarated by liltiatioii, and 
ro]>eati'dl\ hoik'd with small (juantities of water, m order 1^) ehinmate 
potassunn plalmoehhuidc, as lar as pos^ihk-, and is teslinl with llu' 
Bjieetioseope. I'or this jiuipose a small <|uautily of the precipitate is 
wrajiped m a small |)U‘( ( of nuustt'iicd lilter [lapei, and round this is twisted 
a pi(“ei‘ of lino plaluumi win* 'I'lie jiapei is earbonised at tho point of the 
llaine, eari' being taken to avoid too btgli a teinpeiature, and is tlieii 
introduc(xl into the fusion aiea of tlie lianu' 2 *l^'-ed m front of the slit of 
the sjieid.roseopi'. I’tider tlies(‘ conditions tiie jiotassiuni siu'etrum gradu¬ 
ally fadi's, whilst the ea-sium and rubidium sjiectra, if these ions wore 
])reaent, beeoiiu' visible. 

The tiltiate from tlu' jilalmoehlonde iireeipitate is In^ated with a little 
oxalic acid, and (“vajaualed to dryne.ss, tliu residue gently ignited to 
decomjiose sodium i)latiiioehlondi‘ and the excess of jilatmo-liydrocliloric 
acid, and moisteiusl with liydroehlone aeid, which is subsequoiitly evapo¬ 
rated, and tho litluum chloride finally extracted by moans of a mixture of 

^ If alkali chlorides sc[iarati-d from silicates, Ruch as lepidolite, uro jiresent, 
tin treatment with alcohol uiu} be oimitod. 
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abnolut*' and ethor. * ()a ovapuratiiij? thts aolutioa tho lithium 

('hlumli* IS left in lU'atly puio coiiditK'U, and ran In- suinnillcd to further 
tr^ta. Urfojr drauin^ a ronrlu^ion as to tlu' presriirr of litimim from tl\(' 
tlainr roloiation, it is nrrrssaiy tofnakr sure, in (ndrr to prc'vrnt a mistake, 
that htrontiiiin and <‘alrium ion are not |nes< ii(. 

TIu' al)ove-des( Iibed addition oi hyilrocliloiie arid l)rfoie r\tiarliuj^ 
till' lit Ilium rliloride with aleohol is nerrss.u \, brcaiise lithium riiloi id«‘, rven 
on inodriat(‘ ignition, is roiixrittd by tlir action of watri \a|H)ui into 
lit lull 111 h \ dto\idc. w lueli then alisurbs rat Imui dio\ah' from the air, foi ming 
litlmiiu railioiiatr, which is insoluble m alrolml. 

Lithium rhloiidr mav b(' seji.irated fioiii laij^e amouuts of sodium and 
potas.'ium rlilondes li\' dri oiiiposinj^ th<“ roni rntiati il solution i,*f the salts 
with fuimnt' ll^’dlorhlorlr arid and liirantinj^ tin' solution (ont.uumt? tlic 
lithium » hloude iiiid 1 1 aces of othri chlorides fioiii the j,ueri[uttiled rhloinlrs 
of sodium and [lotassium. 


SkcoXI) tlfJDl'f 

Cations of the Alkaline Earths. 

Barium, Strontium, Calcium, Magnesium (Kadium). 

Sk«’ 33 

('li((radfiisiic'< oflhr 

Position of the Members in the Periodic System. I he sim mid 

t;rou|) eontains tiir (unpaired) mniiia'rs on u[»yii)^ the left hand 
sidi* ot the SCI ynd division of the, peiiodie system (witli tlie. rxi eptioii 
ol bervlliutii) and also tmirnesiinn, which also lielon^s to tiie second 
gioiip of the [tciiodic sxstmii 'I’hesi* comptise all the dtvah'ui 
rleinents • ni.i^iK'smm, Mii, calcium, Ca, stronliuiu, iSr. baiiiim, Ha, 
and ladiiim. Ha Radium, the detiu tion of which is elTcited with 
the ;ud ol p)i\sical methods, need not he consideied heir, in its 
eluuiiieal beliavjoiir it stands lemaikaliK' close to liaiium. 'I’ho 
other elements h.ive reeened the ^loiij) name oi ‘'alkaline earth 
metals," owin^ to the fact that tluur oxides have loii^ heen known 
as “ alkalnu* eaiths " As m the. <ase of tin* Hist group there are 
also here tlirei* ('h‘inents closely lesemldmg <‘aeh othei ralcium, 
strontium, and lianum —whilst magnesium (analogous to sodium iii 

’ Instead (>f a mixturi' ot ut’oliol and (“tlirr, wliuli ran also Ins ii'-mI for iho 
separation ot litluniii ctiloridi* tiom polassium cJiloiule. (Joocli {Z-ihch oruil 
CliHi/i., 26, 3or>) rc'cmumrnds amvl alcolud ; L. W. W’inktrr (ihoi, 52, 627) 
isoiiutyl ale<du)l; Kalilmhurg and Krauskopf {C/u in. Zf nhnlliL, lUUH. Jl , U82), 
and also Muhnnann {Zid^rh. onnl. Chun., 50. t71), hy^'dine. Lilhumi < liloruks 
IS easily soluble iii these solvents, whilst the ehloiules of the other alk<i.U inetals 
arc practically insoluble tliereiii. 
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tho first f'roup) stands somewhat apart. It is in many respects 
related to aluminiiun. which occn])ies an adjoining ])Osition in the 
same horizontal .series of the [)eriodi^^ system. All meinh(!rs of the 
second group are strongly elee.tro-positive, to an extent decreasing 
from hariuni to magnesium. The solubility of their oxide.s, or 
hydroxide's, d(MTe<i.ses in the same onler of the series. All the 
hydroxides are strongly dissociated in aqueous solution, and are 
tlu'i’efore to In' described as stioiig bases. 'I’h('ir solutions accoril- 
ingly show an alkaline reaction (m the ease of the sparingly soluble 
magnesia, till' alkaline read ion is most plaiiilv' shown liy bringing 
the suhstanee into eoiitaet. wil li moistened te.st pajx'r). 

'Analytical character of the Group. Tlie normal carbonates and 
])hosphates and tli»‘ inonoliydrogc'n |)hosphates of the alkali metals 
dis.si>lve with dillicultv in water. (In so far as they dissolve the 
carbonates umlergo hydrolytic, dissociation and show an alkaline 
reaction ) Hi'iicc thi' salts of the alkaline earth metals are ]tre(U- 
pitated from their solutions hv cailxmates. phosphate.s, and mono- 
hydrogen ))hnsphates of the alkali metals 'I’liis behaviour distin¬ 
guishes the ions of the second gioup from those of the first. Kroin 
the ions of llie following groups, howe.vi'r, they are distinguished hy 
tho faid that they an* not precipitated from their solutions either by 
hydrogen sulphide or ammomum sulphide The iixides, hydroxides, 
and .salts of the alkaline earth metals are while or colourless, in so 
far as they are not coloured bv the anion, and are not volatile The 
nitrates or chlorides are not ])recipitated from their solution by 
barium carbonate. 

Sncc'iAL Keaction.s ok Members ok the Second Uuovp. * 
Sec. ' M . 

(a) Barium. Ba., 137 37. 

1. Bunnin is a divalent, silverv-w'liite (or according to other 
.statements a gohlen-i ellow) metal of sp gr. 3 78 to 4 tM). Its melt ing 
])oint is about SfiOIt tixulises in the air (frequently with ignition). 
Barium oxah (baryta). Hat), is white, fuses at a strong white heat, 
and only volatilises at a vi'rv high tem[H'rature. When moistened 
with water it emits heat, and is converted into white hnrhm hydraxidv^ 
Ba(()JI).,. This nielt.s at a red heat, without liberating water, which, 
however, is set free oiKstronger ignition (Briigolniunn). It i.s fairly 
soluble in hot but is somewhat sparingly soluble in cold water ; 
it is readily dissolved by dilute hydrochloric or nitric acid. 
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2. Bmium salts iiro.,for the vmt part, practical^/ insoluble in water. 
Tlio solul)lf‘ salts show a neutral reaction ; witli the, exception o( 
barium c'liloride, bromide, aiid^iodide, tbey are dec^omposcil when 
lieated in an i<^niti(m tulie. The insoluble salts, witli the exception 
of barium sul[»hat<‘ and silicofluoride, ar<‘ dissolved l)y dilute liydro- 
clilora- aoid. Ihirntm chloride dissolvi's with j;reat dilliculty. and 
barium nitrate is pra< tically insolulile in cold absolute alcohol, wliilst 
Imtli salts are piaelieidhj insoluble in a mixture of ecjual parts of 
id>'<olu(e aleohol iin<l ether ; they do not delujuesee in tlie air. Barium 
nitr.ite and barium biomide are almost insolulile m amyl ale,ohol. 
Barium suits in coneeiitrated solution are precipitated l>y the addi¬ 
tion of a large amount of iiv'drochlonc. or nitric am<l. owing to the 
fact that Mi(' inrivase in the concentration of the anions causes the 
lespcctive soluiiilitv )»rodu(ts to lie exceeded, sine<‘ the saturation 
<oiuamtrations of tlie undissoeiati'd molecules of haiium chlorKle 
and nitrate ar<’ rehitivclv tow (<;/’. p 33). 

3. Ammonia puxluces no preeijntate in aijiu'ous solutions of 
1),Ilium salts. Potassium hydroxide or sodium hydroxide (free from 
caibonate) onlv produe-e. a precipitati' wlieii the solutions of liarinm 
sj.lts are va-rv concimt rateil. Water rodissolves anv sucli voluminous 
j)rcci|)ltate of bonuiii hijdro.nde erifstols, B)a(()ll )2 

t Th(‘ carbonates of alkali metals ami ammonium i)r<‘eipitatc 
bunuin earbonote. IhiCO.j. in t!i<‘ lonn ot a white jnecijiitate from 
solutions ot harium salts. 11 the solution was acnl tin* precipitation 
does not tak<’ [)la(n until alter lieuting, because tin- liyilrocarbonatc 
ion, wlm h IS first formed, retains a eorresjionding <]uautity of liarinm 
ion m solution, until it has itself iii'en decomposed Ammonium 
ehtonde dissolves tlie pieei[ntate to a slight hut a[ipreeiable extent; 
liem-e no (irecijntate is formed in very dilute solutions containing 
much ammomum (•hlurido.i 

Sulphuric acid und suljdiate solutions, including the calcium 
sulphate (plaster of Paris) solution, produce eren in ver//dilute solu¬ 
tions oflxuuun sails a heacif Jinelij pub'erulent pri-Gipilate of barium 

‘ The bulvenl iietioii of aminunium salts uf strong acids in this atnt analngous 
cases, upon ])recij)ilatcs aircaily fomicil, (iejieiuts upon the fact 1ii.il. the am- 
niomuin sails inulergo hydrolytic dissocmtion, wliereby, siiu’e ainmoniuin 
hydroxide is a weak base {see Sec. 30. 1), tlie hydrogen ion concent ration is 
increased, (n tlie case aliove-inentioiied tin* carbonate ion concentration is 
thcniby reduemi, wit-li the fonnation of hydrocarlxmate ions, or also of carbon 
dio.xido. 'This reiiiiction of a fiwtor of the soluliility iiroiluct {l>a J w 

ttien cquaijsoil by solution of a jiart of the jiniciifttate. Jn addilion to tins, 
there IS also a repres.sion of the dissociation of the ainnioniuiu carlionate tlirougli 
ttie presence of the animonniin ions of the neutral salt. Those two processes 
Biippiomcnt or overlap each other to a certain extent. 
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sulphate, BaS() 4 . Am a rule, tli<' precipitate forms immediately ; 
pnly ill v(*ry dilute solutious, 4*sp<H’.ially when .strongly acid, is a 
certain time mpiired for its appearantu!. 'I’hc precipitate is iusolubk 
in alkali hydroxide soluliotis, and is only rc/y/ slujlitlij .so/nWc tn dilate 
aeids, but dissolves to an uppris ial)le extent in eoncentrati'd In'dro- 
ehlorie or nitrii; acid, especially on lu'atino, us also m conci'utiated 
solutions of salts of aminoniiim. potassium, soilium. eakium, and 
magnesium. Tlie solvent act ion of acids and of solvents is inhibited, 
or at all events very much weakened, wlum sul[>lmiic acid or sul- 
jdiates an‘ present in coiisideral>I(‘ <‘xc(‘ss. 'the jiresence of foreign 
salts has an inlluenci* upon tin* action in th(‘ wav described on p. 34. 
llep<-e the solubiiif.v product of barium sulphate is not exccialed 
until th(‘n‘ is a high concentration «)f liaimni and sulphate ions. If 
still more sulphati' ions are present tins disturbing intiuence of 
foreign salts is again |■e[lressed, i c the solubility jiroduct is then 
exceeded at a lower eonci'utratioii of haiium ions. Jjargi* amounts 
of calcium chloride may entirely juhiiut the pri‘ci[iitation ol small 
quantiti<‘s of barium ions by calcium sulphate' (liudi'king ’). because 
the calcium chlori<h‘ keep.s the dissociation of the eah ium sulphate, 
t.e. the eoncentratioii of tlie sulphate imis, below the (piantity rctpnred 
to rcaeh the solubility proihiet ol barium sulphate. 

0. Silicohydrofluoric acid pienjutalcs /'font solafams ofbntinin 
sails a adoufU'ss crystalline prccipdatc of bariant silicojluondc. IhiSiK^^, 
which rajudly subsides In <lilute solutions tin' preeipitale is only 
produced alter some time. No ])reei[iit.it<! is tonned m very dilute, 
solutions, for barium silieolluoride is not iiisoluhh' in water On 
adding an eipial volume of alcohol the [ueeipitation takes pkue 
rapidly and so completely that the (iltiate remains clear on Vhe 
addition of .sulphuric acid ILydroclilonc. and nitric aci<ls, as also 
ammonium salts, increase tjie solululity of the jirceipitate in water 
and in alcohol. In using the reaction it is necessary to talo' into 
consideration the fact that silieohydrolluorie acid also yields jirc- 
cipitates witli potassium and sodium ions, so that, unless thesi- ions 
are known to he absent, the pre.seiu'O of barium ion cannot he 
positively inferred from the oecurronce of a preeijutati'. 

7. Disodium hydrogen phosphate produces m neutral or alkaline 
solutiofis a while preeipitale. of barium monohydioijen phosphate, 
Balir 04 , which is soluble in fri'o aeuks. Tlie addition of ammonia 
only increase.^ the amqput of tlic precipitate to a slight extent, a 
portion of it being converted into normal barium phosphate, 
* Zeit-'^ch. anal. Chem., 29, 650. 
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Bji 3 fl' 04 ) 2 . Ainnionium chloride dissolves the precipitate to an 
approcialile oxtout. 

8 Ammonium oxalate ‘produces m modcralvhf dilute solutions' 
of hatium sails a white puhepilent precipitate of barium oxalate, 
?>a('oO^-f-IToO, \vhi'“h is soluhle in hydrochloric and nitric acids. 
When frosidy ])ro< i|)itatcd this c()in]>oun(l is also dissolved hy oxalic 
and acetic acids But these solutions soon yield a dejiosit of hariuin 
hydrogen oxalati*. crystalline 

powder 

Potassium chromate and dichromate produce in snlutions 
of banum stdts. own when c(H)siderahlv dilute<i. a pale /ptlow pre- 
ripil'ih- of barium ehromatc, BaCrO., Tliis dissolves with dillicnity 
in <i'ld water, inove readily in hoilini^ water; aimnomum sa'its 
in< lease the sohiliiiitv very a]ipiecial)i\', whilst aia-tic acid and 
(hnniiie acid inrrease if, considc'rahlv. Barium chromate is reailily 
sninhle in hv<lvochlonc and nitric acids, whilst ammonia repre- 
cipitates it from tin* resultin;^ r<*ddish \-cl!o\v solution. 

The soluhilitv of haiimn chroinati* is also yreatlv increased hy 
the presence of h\i!ro;.;on ions, since chromic acid in its secondary 
stin^e IS a weak acid (see ]). 33 r( secy), and Tr^O''^ ions are also 
foiined {rf S(M- lOl). The precipitation of liariiiin l>y means of 
]M)tasstum dii'hromate is, therefon*. hy no moans comjilete, even in 
the (MS-- of neutral solutions of liarmiu salts, since hydrogen ions are 
fornicil in aecdi'dance with the oipiation : 2Ba * 

2Bahr()j j-2il . Bat the addition of sodium, aeclalo in recess eaiiscs 
the juecipilaimn to be coinpicfe, lieeause then the liydrop;en ion eoni- 
l.iiie.s \Mtk tlie anion of the weak aiad to form an undissoeialod aeid 
mojccule (not acliiii; as an acid). (See [i 2r>} 

2Ba- \ JIJ>1 'I’()(»' --2Ba('r()., f2tTl;,f’OOK ; for 

example, 2Ba(T, l-KJ'rPy-fUM i .r( Mf/'OONa^ 2Ba(‘ri), [ 2K(’l 
-h2Na(1-h2('}l;/f)(>(l - 2 )(’JI; 5 ('()()Xa 

-f sinidar efiref is produced bp an excess of potassium diehromale. 
In this case onlv the Crf) and not the (T20"7. is aelue By 
adding an excess of sodium acetate to acid solutions of harium salts 
prior to tlio addition of potassium chromate, or hy addmo to such 
acid solutions so much jiotassium dicliromate th.it the whole ol the 
chromate ion is not at once converted into dicliromate ion, tlni 
prrcipilahon is rendered eomplcle 

Ht Potassium ferrocyanide solution produces in concent rated 
solutions of barium salts a crysialkne preeipib'ile ofhaiiam potassium 
fenonjnnide, pre.sence of ammonium 
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salts barium-potassium-ainmonhnn forrocyanidos of variable com¬ 
position are j)rcci])itatod. Th<‘ jiret^ijiitatc is also not insoluble in 
excess of ])Otassiuin ferrocyanide solution, aiul hence this reagent 
does not effect a com[)lete [irecipitatvon ; vo piccipilation is prodnml 
in dilute, solnlinm. 

11. Sodium sulphite (freshly projuirod concent rated solution) 

])roduce.s in solutiotjs of haiiutu .salts a white ]U'Ccipitate of hariuin 
sulphite, which is insolul)le in ac('tic acid and dilute hydro¬ 

chloric a<id. (11..), 1). Hinds, (,7/ci//. ZutilrulhL lOI I, 1-. ITioii) 

12. Hunum sulphutu is not, or sirictly sjX'aking, is hardly decom¬ 
posed I)'/ cold solutions of (ilhili l/ipInH/ni nirhouates or a^titt/oniuni 
rarhoiiftfe, iimi the same ri'iiuirk applK's to a hoiling solution of 1 part 

’ potossiuiii curhouulc and d parts <d polassiuiu sutphute. It 
liehaves towards the.se ii'agcnts, howi-ver, m (piite a different way 
wlien it IS mixi'd with strontimii oreah iuiu sulphati's (see p. Idh /*.). 
Boiling solutions of utinh rutJ»>viilr.s whi'ii repeat(‘dly ajiplied 
eventually decompose hariiini sulphate coiujih'telv. Fusion with 
alkali carbonates readily decomposes li ; alkali sulphate, soluble 
in water, and hariuin earhouatiy insoluhlc in water, are formed. 

13. When tfuninii suits are nUroducrd o» u pluhviiw ivirc into 
the fusion area of a Bunsen flame, the po/tiun of the Jkme ubore 
the subslunee is cobmml ijrttoivi'ih-ijreni Solnhle barium salts and 
also barium earhouate and sulphate show the roation at once or 
very soon, whilst tlu* phospliaii' iloes not show it until after moisten¬ 
ing with suljihuric. or hydrochloric acid This last method may also 
be used for dideetmg barium in siheatc's wlueli ran l»e ileconipo.sed 
by acids , silic'atc^s which arc not dectimposisd hy acids, however, 
must be fiisial with .sodium earlionativ The resulting barium 
carbonate then sliows the reaction It is cliaracteiistle of the 
greenish-yellow coloration of the l)ai'nmi Ilame, that it ap])ears 
bluish-gn^im when viewed through a greim glass. Cah*ium and 
strontium do not prevent the barium roai tion when tluj Hul[)hate is 
use<l for the test. Tlie yellowish-gnsm tlaim* reaction can also ho 
obtained by mixing tlio powdered barium salt with alcohol and 
igniting the latter. 

The barium spectrum is shown in Table 1. Tlu‘ gieen lines 
a i)2ipp, j3 513 2pp, and S ooA-fyip arc the most intense, wldlst 
y is less prominent hut yid. eharaeteristic. 

Since eoinmercial platinum wire may contain barium (Kraut), it 
is advisable to .see wlictlnu' the win', alone does not give a barium 
spectrum. 
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14. For tlic mkrochctniml deirciion of bariimi rcfcrenr-.c may be 
niiuie to iiausliofor, Mihroskopischc hkahfioxcn, p. 15; Behrens- 
KI<‘V, Mtktovhvmisi'hc Anidifnc, 3i'(l od . p. bS ; Schoorl, Zatsch. anal. 

('lu'nt . 48 , 

Sec. 35. 

(b) Strontium, Sr. S 7 (; 3 . 

] Stio)iliii}ii IS a (rivahM\t silvery-wliitc*, or, atM-onlin^^ to other 
sl.it«-iii<‘iits. vcllow m(‘tiil, of sp or. ‘J-bO to 2 bS It unfits at S<)(r. 
It <-los('lv' rt'siMublcs barium m its bohavionr in lilv(‘ inamuM' its 
mule Ulioiiha), SrO. fii/</>o.rnli\ and its salts siiou almost exactly 
lla‘ same properl ics as the correspondin'.; barium compounds 

SlKfnlniin Injiliondr is h'ss soliibh* than liarinm liv<lro\ide, e.nd 
onlv loses Its water altm strong ii;nition Slritntnan chlondr is not 
.soluble in the anli\<lroiis condition in anlivilioiis aholiol . but if it 
contains its water of <rvstallisat,ion (as in tin* <as(' of (}h‘ residue 
obtained on c\apoi.itm;; the solutions) it /s .sohihlr )ii (d>'iohitr alcohol, 
and deli'juesces on exposiii'i' to imust ail , it is also soliilih' in strouj:' 
li\diochlonc at i<l Sliontiiini biomitle is stdnhie in <“tlivl alcoliol 
and m amyl alcohol 

Shoniniin tnlntlc is ahno.^f 'iiisoliihlr m (ih'^olxtc alcohol, prarlwalh/ 
uisohihlc in a, niixt urt' of etpial ]ia,rts of ah^olalr alcohol and ether, and 
tpiit(‘ insoluble 111 coiictMitiatt'd nitric acitl Stionliuin nitrate does 
not delitpiesce on exposme to the air 

2 Stront ium salts btdiave m almo.sto'xactly tln‘sanie way as barium 
salts towards ammonia, potassium hydroxide,and sodium hydroxide, 
as al.so t owards iUc carbonateso! the alkali metals and of ammonium, 
and towanis disodium hydrogen phosphate. Stronlnnn carhonatc 
IS ii.s-s sohdde than bai mm « ar]ionate m ammonium chloridi* solutions. 

3 Sulphuric acid ami sulphates prodan- m not too ihlalc siilalions 
»f .stronlimn .‘^alls a wliite piecipitnt(‘ of sfrontiuw sulphate, SrS() 4 . 
As precipitatisl from concentiated solutions this is at hist- amoiphous 
amt tlocculent, ami latm- puKeruhmt and crystalline ; iireci])itat<‘.<l 
from dihit(‘ solutions it- is ])ulverulent and crystalline at onc<* Heat 
,i.;re,atlya< (‘elerat<*st)ic ]»reci})itation Strontium sulphate is much more 
soluble in water than the correspomimg barium coniponml. for which 
reason the piecijutate is only formed after some time in mon* dilute 
solutions Calcium sulphate solution precipitates strontium imme¬ 
diately only trom <|Uite concentrated and esp<“cial!y hot solutions 
of strontium salts, u'hilsl it only pi<)<luc<*s a, j»reci]ntat<‘ after srune 
tune from more dilute solutions. Fota.ssium. sodium, calcium, and 
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niajjnosiuni .suits iiicroaso the .solubility of strontium sulphato. so that, 
r.ff. in ])rosonco of much calcium chloride, strontium ion is not pre- 
Mpitated by calcium sulphate solution (fiudekiny;). Strontium 
sulj)hate is approrialily s<ilnble in hydrochlora- and nitric acids. The 
presence of any l.ar^e amount of the.s<' acids therefore affects the 
sensitiveness of thes(‘. reactions to a n‘markal>le extent. An excess of 
sulphuric acid counteracts the solvent action of these salts and acids 
(see Sec. bl. 5). Slrovliuni snlpfidU' /.v .so{ubh\ even on hoilh(j, in 
<i concent rot cd solution of mnnummyn sulphide, but if mixed with 
calcium sulphate dissolves to a considerable extent sinmitancou.sly 
with thedatter. 

'1. Silicohydrofluoric acid piodm<‘s no jirecijutate even in fairly 
coVicentrateil solutions ol slrontiiim salts, since strontium silico- 
fliioricle, SiSiKci' fairlv .solulh- in cold vvatcT; hot water dissolve's 
it somewbat less reaeblv. so that bot conceuitrated .sohition.s yield a 
jirecipitate It is slicbtly solubh' in dilute alcohol, the solubility 
decreasing with the increase* in tin* alcoholic strenifth. The aeldition 
of alcohol therefore effects a. pre'eajntalion oven in the cedel Ifydro- 
cbloric acid increases very jfreatly tlie soluhility ed the salt in water, 
and its sohihilitv in alc(»]u)l tei a somewhat le'ss I'xtent. 

5. Ammonium oxalate piodners, orm >n fuiihj dilute sohitions 
of strontium .salts, a white inihrnilnd prfeijnltde of sironfinin oxidate, 
2Sr(^Ot 1 .blloO. which dissolve's readily in hydreieliloric acid and 
nitric, aead, fairly n-adiK m solutions of ammonium salts, hut is only 
slijfhtlv soluhle in oxalic ae id solution and acedic acid. 

t). Potassium dichromate ‘iocs not produce* a iireci|>itate oven in 
concentrated solutions of .v/ooe/eez >n salts, nor doe's potassium chromate 
at first. Ill the latter case*, h()\ve\f*r, a light ye'lluw ]irecipitate of 
stronfiani ehronude, Sr(T() 4 . separates aft<‘r .some* time, from not loo 
dilute in*utral solutions (more* rapidly from ammoniacal solutions), 
but not from solutions acidilii'el with a(‘ctic acid. The ]>rocij)itatc 
IH in the form of a. line* powdeT. w Inch adh(*res to the sides of the vessel 
(Reichard‘). It is only sparingly soiulilc in water e'eintaining much 
ammonia or ace'lic acid, but is readiK solulile* in liydrochlorie;, nitric, 
and clireimic ai ids. It is md i)reci}ntated freim its sedation in any 
of these liy the additiem of jeotassiuiu dichromate in excess. Alcohol 
does not dissolve strontium ehromate Neutral seilutions of .strontium 
salts mixed with potassium ehromate therefore yield a precipitate 
on adding a small amount of ulemhol. The preci])itatiou is promote'.d 
hy Imatiiig the liepiid t\^ Ttf (\V. Ihesonius and Ruppert-). 

1 Zicitsdi, anai. Chun., 46, 17S. * Ibid., 30, 672. 
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7. Potassium ferrocyanide doc^ precipitate strotuium from 

oj Us salts. 

8. S()dii( 7 n sal pit Ue {kos>\\\y-\m‘\rdivd ronccnfratod soluiion) [imipi- 

tat*‘s shotUiani salphite froift lu'utral or acetic acid solutions, Init 

jiot finm Imliucliloric acid solutions of strontium salts (Hinds i) 

t) t^trontium salphalv is decomposed in the cold whim tnwted with 
solutions of carhomUcs (f potassnim ami sodium ; it is also conipletely 
d(‘coin])oseil by a longer treatment with cold solutions o1 ammonium 
ttuhonatf or of potassium or sodium hydrogen ru/honalcs, and much 
more rapidly when boiled with a solution of 1 purl of potassium 
ea/bonule ainl 3 putts oJ potassium sulphate. In these dei.'om- 
posit ions (except thost* <dTect(‘d by ])otas>.iuin and sodium carbonate) 
a (citain amount of strontiuiu sulpliate al\\a\s remains undeeoiU' 
j•o^ed u'iien it was on^iiiallv mixed with liarium siil|ihat(‘. The 
ilrconi[»ositioti IS also elha-ted rapi<ll\ and <oni]»let(‘iv by fusing or 
hoilinu I he suI[>Im1i‘ w it h alkali earhonat es. 

|M 11 hen a sohil ^.Iruntium eompimml ts tntrodueed into the fusion 
aii'u of a Bunsen flame au intense icil flame coloration is jirodiieed 
Stiontuim chloraie shows (ids leaetion most, dearlv. stroniniin o\ah‘ 
am' iMibonafe |e^> distineth', stn)ntinni sulphate still mon^ slightly, 
ami tlie sails ol arids not decomposed on healmi- viuw faintly, if at 
•ill The siihslaiiee. is tJu'fefoie lii’st tested b\' itself ami then after 
inoisteniiig with hydioehlorie aeid If llie pri'senee ol strontium is 
su^p<'ete<b the siibstaiiee is luNitod lor a short time m Ihe reducing 
llaitH' (to prodiK'e stronlhim sulphido) !)»‘foie it is moistened with 
li\ <lroeliiorie. ai id \\ hen yie\\<Ml 1 ltiouj;h a bliK' ylass (he sti<mtiiim 
ilame appears purple to rose colour (disfinetion Ironi cal'-ium <’om- 
poiii^ds. wliH’h iindiT these eonditioiis show a faint ^lermsliy^ri'y 
<oloration) , the ooloratioii is most distiiiet when the. snl)stanee is 
moistened witli h\(I kmIiIoi le acid and spia\t*d into the llanm In 
(lie presence of barium compounds the strontium roaetmu appiaiis 
when till' substanei' mo!->((‘iie<l with liydim lilorie aijd. is tiist iiitin 
diieeil into till' Ilame The earmine-red Ilame* loloralion may also 
he juoilueiMl by hentini^ soluble stronlium salts with dilille. aholiol 
and iiiiiitin^ the yapoiir 

The Strontium spectrum is shown in 'I’ablo J. It eontams many 
elmractenst i(‘ lines, notably the* oranye lino a (505 5/i/r. the red lines 
(i (571) ■7/i/r, and y (54'.) b/t/r, and t he blue line 8 4(50'7/x/i. 'I’ln*. last is 

jiartieularly suitable for the dot(‘ction of strontium in the preseiu^c of 
harium and i ah iiim 

' f'hnn. Zi iifiatht., tOll, T., l.loa. 

JO 
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11. For details of the uiicrocheniical dctetion of strontium, see 
Hausliofor, MUcroskopischc Reaklioneny p. 121 ; Bchrcns-Kloy, 
MihrochemiKcke- Analyse, .‘kd cd., j). 54 ; Schoorl, Zeilseh. anal. 
Ckem., 48, 404. " 

o(1. 

(c) Calcium, Fa. 40 07. 

1. Caleiidn is a divalent silvery-w lute (yi'llowisli wlien not ijuite 
pure) metal, with sp. 1 52 and lueltin*' juiint .s|()'. it oxidises 
in the air, formin;' calcium lualroxide and < arl»onate, and deconijmses 
water, with the Itheration of hydro^ini and formation of calcium 
hydroxide, ('alcmiu ojii/c (lime). 0a< 0 and the hydi'oxiih' and saU.s 
01 calcium (4os(4\' rcsemhlc in uimeial jiroprrli(‘s the corresponding 
compounds of haniim and stronliuni (\ilciaiii hyihoi i<l<\ (’a{t)Jl)^, 
is far less siduhli* in wali-i’ than tlm h\'droxides ol hanum and 
strontium, and is less solulih' m hot than in c.ol<l water. Calcium 
hydroxide loses its water on ignition. 

d'ho chloridr and vilntlr ttf (‘(ileiidii an* soluhlc in iilvo/iol 

an<l ill a mixture of c<jual puils o/'n/co/m/ and cllicr ; tlnw deli([uesci^ 
on exposure to the air The iiitrat<‘ is also (relatively) fairly soluble 
in stronji nitru; acnl, and tlu^ i-hloiide in stionj; hydroclilorn' acid 

2. Ammonia, potassium hydroxide, sodium hydroxide, and the 
carbonates and phosphates of the alkali metals hchui'c lominls 

calcium sails m nearly llie su/ac way as Iowiik/s haniim sails. Freshly 
precipitated calcium caibonalc, (‘aC();{. is voluminous and amorphous, 
but after standing; some time, or immediately on heatin*^, it aej^lo- 
nicrates and becomes crystalline. 4'he lieshly-foimeil precipitate 
dissolves fairly readily m aminoninm chloride solution, hut tlie 
solution soon heeomes turhid and d<'j»osils tlie greater part of tlie 
dissolved salt in erystalimc form. 

Jh Sulphuric acid and sodium sulphate jiroducv unnwdiahiy m 
Quife concentrated solalions oj Cidcium s(dls a ir/nlr piccapilale of 
calcium sulp/aile (gypsum), C'aS 04 ]- 21 l 20 , wliieli dissolves com¬ 
pletely in a large volume of water, ami is still moic soluble iu acids. 
In leas concentrated solutions of calcium salts tlu^ jin'cipitatc only 
forma after standing for some time, wliilst sldi more dtlnlc sututions 
do not yield a precipitate. Naturally, calcium suljihate cannot 
produce a preci[)itato, whilst a cold solution of potassium suljihate, 
diluted with 3 parts of water, only produces a precipitate after 
12 to 14 hours iu solutions of calcium salts. If solutions of calcium 
salts are so dilute that sulphuric acid hy itself does not yield a 
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precipitate, av addition oj an equal volume, or hdtrr. of twice the volume 
of alcohol u'lll cause one to appear immediatehp or. in the case of vor^ 
ililute solutions, aft<*r some time. Calcium siilpliate dissolves in a 
sidficient quantit) of a concentiat<‘d solution of ammonium sulphate, 
fait only comj)h‘tely ^\llen tlu're is no admixture of iiarium or 
strontium sulphate. 

1 Silicohydrofluoric acid do<-s not J.recipitate calcium from 
soiutkms of its salts, wlieti an eipiai volume of ah4)lioi is adiled. 

T) AmmoniuiU oxalate pioduees m solutions of' culnum salts a 
while pulreiulent pieeipitale of eolrium aialate. If tin' ,so ion is 
concciiliated •)!■ Imt. the jirecipilate CaC.^t)| 1 ILO is formed imme- 
diatcK. hut if it. is ver\' dilute and «-old the precipitate* is oyh^ 
funiH'd .ifter some time, and is then distimtK iTvsIallme, and 
( oiisisls of a lilt \t me of I he a hove salt with ('a( )j j .“d L (). (’alcium 
oxalate IS readilv soluhle m In dro<-|ihu ic ot mine acid, hut is not 
,ippi'e<-iahl\' so m a< etie a< id oi oxalic acnl solut ion 

ti Potassium chromate al just piotluees no p/ee/pilale e\'en in 
cmiicntrated ii<‘utral solutions of l aleium salts Onl\ after stainlm;^ 
for a loti” time doi*s caleiunt ehroinole. ('a( 'i(), 1 21si'parat(* as a 
\tllow crvsiallme precipitat(' lUit- on addim; ’J to 3 \ohimi“s of 
iileoliol (in nninedoile pieeipitation fale< place iii the cas<‘ of solutions 
which an* not t-oo dilute 'The addition ol a sullieient <|iianl.ilv of 
ainiiioma to evi'ii somewliat dilute scdlitlons of calcium salts whieli 
lia\e heen treated with potassium eliromate also causes a pn'cipilate 
to form (Iteichanl •) Kree acetic acnl and tin* ad<!ilioii of alcohol 
prevent the precipitation <d (alciuin Iiv potassium cjiiomate from 
solutions oJ its salts PotaSsUim dichrOmate does not. produn* a 
pri'^ipitate even in com (“iitratI’d solutions. 

" Potassium ierrocyanide produees In sol alums ofcolennn salts 
a while cr/fsiall/ne pieeipilule of ealeiain polassiuin fenoe;iaHiilc, 
CaK^Ke(('N‘),, I In the [neseme of ammonium salts calcium 

potassium ammonium fei rocvaHides ol \ ana hie < omposit ion are 
pr<‘rijutat(‘d 'I’In* pn'cipitati* is so m.sohihh* m })rcsence of an excess 
<‘f potassium f<*iroevaiinh* that tin* filtrate lemaiiis <lear on the 
adilition of ammonium oxalate (Jhudn^nv.- Idanders-^). 

Imodium sulphite (m freshly prepared saturated solution) 
produees no prreipilale in solutions of ealeium salts acidified with 
hydrochlorie or a<-efie aeid (Hinds'). 


‘ '/i<U.\ch. nnai. ('htm ,46. ITS. * 

^ Vtam. Zdilmlhl., 1S!15, I., 1010 ; J!)07, 11 , mi.'t. 

■' tbuL. 1000, II., 1873. ’ Ibu! , 1011, J., ir.oO. 
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0. Hnrium Jlaoride produces in solutions of ('alciuin salts a colour- 
jess or wliitc ])r<‘ci|)itat{' of calrium fluoride, CaKo. (Distinction 
from barium and strontium). J^y this t<^st 0 8 nij'rm. of calcium 
cliloriile can Im* (b‘t(‘c(ed in lo of solution. 'rh<‘ jiresencoof barium 
salts m considerable <|uantiti<‘s has an inlluence on the reaction 
(Karaoglanoty '). 

10. Cah-ium sul)»h,i(e Ix'haves m the same manner us strontium 
sul|)hati<“. on adiline eoilKHiufcs oi }ttfd>oe<irlion<i(es of ulloli inetaO 
or a mixture of iiofit.ssiuiii raihotiu/e oiid suljdiotc to its solution, or 
wlum it^is Inscd with alkali carbonates. 

11. ('idenuii soils, when introduced into th(‘ fusiotl area of the 
Blinsen flame fuodoec o /felloirislt-ied. Jlo/or vohiiolKoi. ('alciiim 
<4iloridc sluiws the reaction most, distim-tiy, whilst cah ium snlphatc 
only shows it alter it has beeuii to dei-omposi*; it is also most distinct 
in the case of ealeium carhonati' .dter the carhoii dioxati' has escajied 
The salts of acids which stand tin* inait of the flame do not- colour the 
flame, but do so alter tliey have been moistened with hydrochloric 
acid so as to decompose them. 'I’lie best method is to heat a small 
ijuantity of the substance on ])lafiniim wire, to add a drop of hvdro- 
chlori(5 acid so that it remains siispimdcd from tin* loop of the wire, 
which is then lutroduciMl into the Insion area of tin* Ihimi*. The 
reaction appears most distimtlv at tin* moiiu'tit when the drop 
disapjicars without boiline (as in heidenfrost's phenomenon) (J^unsen). 
The calcium coloration of the llame, when produced by sjiraym^f tin* 
substam^e moistened with livdroclilonc acid into tin* flame, appears, 
when viewe<l tbrou^h a i;U'en ^iass, of a vi*llowish-^reen coloiu 
(Distinction from strontium, winch under tln^ same conditions yields 
a fugitive yellow coloration) (.Merz). In tin* presence of harnim^ the 
reaction only apjiears \\hi*n the substance moisteiieit with hydro- 
chloiic acid is introduced just into the llann*, 

Soluble ealeium salts when h(‘at(‘d with alcohol produce a Ihimc 
with a yellowish-r<‘d colour. It js dilhcult to distinguish W'ith 
certainty betw'ccu {alciuni aiul strontium b) means of the flame 
coloration. 

The calcium spectrum is shown in Table. 1. It is jmrticularly 
characterised hv the intense green line ^ and by the intense 

orange douiile line a bl.P.) ; tiie. iudigo-bhie line 422 t)/r)ir> 

not far from the I'ruunhofer line G, is only visible in very good 
apparatus, because itv*mits less light. 

12. For the nucrochmiical reorfioos of calcium, see Haushofer. 

* Zi-iUch. anal. Chem., 56, h{8. 
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Milrof^l'opischc Hcaltionen, ]>. 32 ; Bchreus-Kluy, MikrorJmnisrfia 
Aniibjsc, 3nl od., ]) 4!^; Sclioorl, Zeifsch. dual. Chnii., 48, 409. 

Srx'. 37. 

(d) Magnesium, 21-32. 

1. M<if/iirsid)ii is a divalent metal. It is sdvorv-whit(‘. liard, 
mail(‘aI)Io, of .s]) jj,r TTld ; it melts at a moderate led heat (helow 
and volaljlis(‘s at a white lioat. Wlum heated in tin', air it 
hurn.s with adazzlin.i; whiti' flame, forming:'?>wn//e’.so7/m o.r/f/e(ma^fnesia), 
M^O. fn dry air it kei'p.s i(.s histre, but in moist air it .a:radnally 
lieeonn's coated with maifnesimii hydroxhle. Pur(‘ water is not 
ilf'eoinposed at tin* ordinary, tenijierature by maynesimii. hut the 
metal dissolves easily and rapidly in water aeidifii'd with hvdro- 
ehlone or suljdim le and, with the lihnation of hvdroyi'ii 

2 3’he o.rafc and ///fi{r(ii itir of maym'sium aie white powders, far 
more voluminous than tin* eorres]iondin_ii eomitonnds of Die other 
alkaline earth m<‘tals 3’hev are hardly soluble in ntlier cold or hot 
water On ufnit ion >na(i>n‘snnii /nj<l/<Krnh\ DI)^. deeompos<'s water. 

'b Some i})a</tu‘snn)) sails an* soluble and otlu'rs insolubh* in 
water 'I'he soluble salts have an unpleasant bitter taste, havi' a 
neutral leaetion (at. all <‘venls m tJie ease ol the neutral salts, p 7) 
towards ludieatois, and aie, with the <'\'e<‘ptioii of the sulphab', 
deeoiuposed on yenfle ignition. In certain cirnimst.anci's tliev are 
deeomj)osed on evaporaliny their solutions, in eonse(|nenee of h>dro- 
Ksis and «‘,vaporat ion of the liberated volatih* ands {c// the cliloinie 
in eoiieentratejl solution) At a stronj.; white heat ma^ni'sinni 
siilfliate IS also deeoniposi'd with the liberation <d sulphur trioxide. 
The insoluble magnesium salts are almost all dissolved leadilv by 
li\droehlorie. acid 

1 Ammonia pimpilah's ftom vcah-al salalious of nniijticMaai- sv/Z/.s’ 
jirr jioiii ainmaytidin loa a parhov of the )ndifiicsui}n iov ia thr fonn of 
a ii'hitc floceitfml ifrposil of ■iiHUjiivs'iuai lujdioxulc, ]\rg{()JI) 2 . 'I'he 
lU'eeipitaie is soluble boDi in acids and in soluhovs ofaytunouinm sails. 
It, therefore, tbi' soliiti<m contains such salt, or if on neutralising any 
acid pix'sent ammonium ions are produced in the ii<[md. ao pirnpila- 
lioii inll lake place, (h'or the <‘xj)lanation ol tins belnujonr. see, 
p 3.3) 

Since under all comlitions there, is a formation of ammonium ions 
m lh(! .solution during the {in'cipitation process, the checking of tlie 
dissociation of the (slightly basic, sec Sec. 3t), 1) ammonium hydroxide 
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has a rcstrictivo influence \jj»on the ]>recipitati(m of the reiiiaiuder 
of the nia^nesiuni ions. Hence in no case can a complete precipita¬ 
tion of the ina^nesiuni ion Im‘ olleeterl liy means of ammonia. 

This pro'pf’rl/f is uhlisrd for kcc'ptmj ■ttxufncsimn ion in sohtion 
while other metal Ions are hemp preelp}f((fed h)j means of ammonia, 
ammonium sulphuh\ or ammonni)H' earhonate. In such cases a sulli- 
cient (juantity of ammonium chloride' is added, and no pri'cipitation 
of a maj^nesium compound is then produced hy means of ammonia 
(or ammonium sulpliide or carbonaO'). 

5. Potassium, sodium, barium, and calcium hydroxides pre¬ 
cipitate %ta(jnesium, hydroxide fr())ii solutions of tnaynesmin salts. 
Ammonium chloride and similar ammonium salts cause the freslily. 
precipitated and well-washed livdroxido to redis.solvo. If tliey are 
added in su(li<-icnt (|uantity to the solution of maencsimii salt prior 
to tlie addition of the precipitant no precipitate is obtained on the 
addition of a little alkali, it. is not until the cpiantitv of alkali is 
80 j^reat that a snllieii'iit. miniber of hydioNvi ions is ]iresent t hat the 
solubility product, is exei'cih'd and pn'cipilation takes pia<-('. This 
is naturally jiromoted by boilinf>. 'I’Ih' prc'senei' of ehloriiles or 
sulphates of ^lotassmm and sodium also cheeks the dissueiation of the 
hydroxides of these metals. Hence ma|;nesiuin hydroxide appears 
to he more solnhle in solutions of these alkali salts than in water, 
or in other w'onls, niaj^nesinm ion is le.ss eomjdelely jireeipitah'd hy 
small amounts of alkali iivdroxides when neutral salts of alkali metals 
arc ]»reRent in the solution. Krom such solutions, however, 
majiucsium ion is precipitated. h»r tln^ most part, by an exci'ss of 
})otnssiuni or sodium hydroxide 

th Potassium or sodium CKthonaXe produce m neutral solallms 
of magnesium salts a ir/nle preeipllafe oj’ basic magnesium earhonate, 
[4Mi'(X) 3 [-Mj^(Oll)^ l-./'llJ)|.' A /iniher atom remains in solution 
as mai^nesium ion, together with the hvdrocarbonate ions, which 
have been formed. That is t(» say. there is a hydrolytic dissociation 
of two of the six molecules of maunesium carbonate : 

tiMjj;" 1 brtr.i ! 'JILO M-((Hl).l I Mo- | lhk’o;, 

for exainphi, 

6MgCl2H-«Na2C();H-:ili2‘-> 

i-^M-(()H)2 hl^NaCl 

* The com])oaitioii (i.e. the relative projiortions) of uikI Mg(0H)i 

may vary somowliat with the cou<litiuns of the precipitation. 
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Oil boilin" tbo licjUHl oarlion dioxide in expelled, and a further pre- 
ci]iitate, produei'd : 

M^" 1 2110(^3-M^OO-jd-lUOl-COg 

lienee, heating the liipiid jiroinoles the prceijhtation of magnesium 
by alkali carbonates ainl increases the (piantity of the ]ircci])itate. 
Jtiiinonnim ehloitdr and similar (umnomuin sails may, when present 
in siillhaent (|uantity. also ])rovent this precipitation, or cause the 
wnsheil precipitati; to dissolvi^ readily. The same conditions arc 
then producetl as if aiiimoiuuiu carbonate liad been directly added 
(see 7). * 

7. 1/ a sohilioa o/ a auvjnf'svnn salt is trcalcd n'ilh aiximoniuni 
carbonate //'C Ixjaid tdivaijs ronains clear af Jirsl. On staiuliAg, 
liowever, ther<‘ scparales (rapidly from <'<m<('ntrated and more, 
slowh’ from <liluti‘ solutions) a cnjsl<dli)\c preapitalc, winch consists 
of inaiinesiuiu carltonati', M;;00, |-:UL(). wlien a small amount of 
nnimoiimm carlxmate was addiMi and of ammonium magm^sium 
< ai'iioiiatc. Mg(Mf|) 3 (t'O j)^ i when a larger amount was 

addl'd. Only when the solutions are vi'iy dilute is no preeipitate 
formed. 'I’he addilioo of ammonia or of ammonium carbonate in 
e\c('ss lias a stiong !ntfiiene<‘ in promoting ih<' precijntation; 
<iiii>ii(>iua)ii (ddondc lias the oppositi' ('ITeet, but does not jirevent 
the preeipiiatioii in t he imse of more eone.entrated solutions. Tlie 
I'liei'king or prevention of tiie. pri'eapitation depends upon tiie 
n'stru tive action of tlie ammonium ions of otIuT ammonium salts 
uj»on the dissociation of the ammonium earbonatc (see f). and foot¬ 
note I, p 

4S Disodium hydrogen phosphate prccipiiutcs waijncstani mono- 

l/lfdrofli'iK idiosjdiaU", MgHPOj I Tll-^t). as a irh.ilc jmiviicr from aot 
loo ddalc solahons of ma<im'si)nH sails. ()n boiling, normal mnijarsium 
fdiosp(i<ili\ Mg 3 (l’t),j )2 1 Tlb.tt. Hi'parates <‘ven from fairl\ dilute 

'solutions. But if ammonium cWoride and ammonia urc /<> 

llif solulio}) of aiaifacsiina stdl piior lo the addilioa of l/ic disodiam 
Ixjitioijcii p//o.syi/yu/c, tliere is produei‘<l, ('Ven in a very diluli' solution, 
a ii'/iilr rri/sla.lliar. prcrijulatc of ammonium magnesium phosphate, 
^lg(NII^)JT)| Tn the ea.si* of very liilute solutions the, 

separation of t he precipitate is promoti'd by stirring the ii<[uid with 
a glass rod. If the. iblutioii is so great that a jirecipitate no longer 
forms, the lines made by the glass rod upon tbo sides of the vessel in 

^ 1’lic magnesium liydromai ])lio.'ij>lin1e precipiUiU' is also converte*! into this 
compouml on Iho subsisjuent addition of ammonium chlondo. 



152 BEJJAVIOIJR OF BVBSTANCPS TO REAGENTS cii. ii 


atirriii^ the liquid become visi])le after some time aa white streaka, 
T(}mova])lc by hydroclilorio acid. Water and aolutions of ammonium 
salta have liardly any solvent aot.ion on tlie precipitatis but acids 
and even acetic acid dissolve it readily. It is pracXically insoluble 
in anunoniacal water. Ammonium sodium hydrogen phosphate 
may, of course, be used instead of disodium h)dro^en phosphate; 
in that case ma^niesiuin amiiiomum })hos)i]iute is always ])rccipitated. 

0 . Ammonium oxalate dacs not J^odiicc a ptceipitalc m vvnj dduic 
fiolHiio7}s ; in loss dilute solution no j)i<‘cijtilate is formed at first, 
but after standing for some time erystalline aggregations of various 
ammonium magnesium oxalat(‘s are formed at the edges of the surface 
of the liquid. In (piilc coiiccvlrafrd. solutions of magnesium salts 
ammonium oxalate sjieedily ])rodn( es piiM i])itales of 'uKigiiesni'iti 
oxalate, Mg(.^^().t 1-2JIJ), wiiich contain small amounts of tin* above- 
mentioned doubh* salt. Ammonium chloride and lice ammonia 
interfere with the formation (d these |)i('ci|utatrs, but, as a rule, do 
not entirely ])revont it. 

10. Potassium ierrocyanide does not ])roducc a ])recipitate 
immediat<‘ly in cold dilute solutions of mugnesiinn salts, but a white 
crystalline ])reci])itate separates, on stalling, nanc rn]iidly in tin* 
case of concentrated solutions Heating accchaati's the piocipitation 
and renders it complete. Tin* jueeipitatc is nuifi/tesiniii potas.sinin 
ferroeyari'idc, and, in the. ]n'('scnce of ainnioiumn salt.s, •inafpiesiant 
polasshan (nu^noiivcnt Jnroofatndi'. 

11. Sulphuric acid, silicohydrofluoric acid and potassium 

chromate produce no jU-ecqolalos in solutions ol magnesium salts. 

12. Magnesium salts do not im]>ait <nii/ eojoiatiov to u jlmne 
{cf., ho\v<'ver, the end of Sec. .‘>S). 

15. If magnesium <-liIori(!e or nitrate* solution is added to an 
ak'ohohc iineinre of {tlkanet (pi»“])arcd ]>y tn-atiiig ])Owdered alkanct 
root with t)5 })er cent, alcohol) and tlie mixtiin* made alkaline, the 
li((iiid shows a characteristic. ah.'<or)>llot/ speclnno. the ]»rinci]»al band 
of which corresponds witb tin* wave h'ngtJi whilst fainter 

bands correspond with wave* lengths .'’itiJ'l/i/A and Tlie 

reaction i.s very sensitive It may a]s() be used for tlie. deteetioii of 
raagnesiinu ion in tin* presem e of alkali ions or those of harniin, 
strontium, or calcium. If largi* aiuounts of tliese are jiresi'ut tin* 
absorption bands a])])ear somewhat dis])]aced towards the red end. 
Magnesium ion may also be detec ted in this way in the jiresoncc of 
ferric ion; but it is noc(*ssar\' to make the ohservation immediately 
after the addition of the ammonia, since ferric hydroxide is 
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prc(i()itatpd and carries down with it an appreciable quantity 
(if nia^ncsimn (Fonnaneh^). For particulars of the detection 
nin;fjiosiuni by ab.sorjilion sperffton mtali/.‘<is with tlie aid of purpiirin, 
^(M‘ also ^ o}j;<‘l and v. lj(‘pcl - 

11. For the )iiicK>clirhiic<tl dclrclion of niai»nesiuin reference jiiay 
he made to llauslioh'r. Mtiioslnjnsc//c RcaLftoiioi, |». It2 ; Behrens- 
Kle\\ Mt/ii(>rfi(‘)iii.'<cl/r Aniih/s<\ 3r(] cd., p. 42 ; Schoorl. Zcilsvh. mud. 
(7/(7//., 48. 5'.)4 ; \'ivano and Wagonaar, i'livin. Zriilndhl., 1917, IF, 


Suini/Kii/f (i/nd Pcni<(rks ok. Group IL 

'J’he tliree iinneijad points winch distinguish tlie iKiupirsunu 
Kill troni the ions of tlie other alkaliiK' earth metals are tin* sjiarin^ 
soluhjiity of mactiesiimi h} droxnbe tin' naulv sohiliihtv of nin<;nesiiim 
snlpliale (when not present as hieseriii' lln* form of niaunesinin sul¬ 
phate of natnial occurjemj' containing!, one molecule of water), and 
11ll' fact that t he presence of ammonium salts pri'vents the ]ire(npita.- 
Iion ol magnesium ion bv ammonia or ammonium carbonate To 
(h tiet till' ma^ncsMini nm in solutions, w hu h mav also contain th(‘ 
ions of all tiu' alkaline (‘aith metals, liaiiiim. calcium, and strontium 
ions, if piesi'iit,, aie first ri'iiioved. 'I'liis is most. siiitabK' done ]iy 
|ir(‘( ipilation in the loini of carbonates (which h'a.vies these ions in 
the foriiL of compounds suitable lor further examination). Jn older 
to avoid a simultaneous precipitation of imponesiiim caihoiiato or 
ludroAide tJie solution is tlrst tu'uied with so much ammonium 
chloride f.ha.t it remains clear on the addition of ammonal to alkaliiu^ 
O'.lotion, and is tlnm tn'at(‘(l with siillicient ammonia to malo' the 
I'caetion distiiictU alkaline and wit.li ammonium carhonati'. Finallv, 
the lupud IS ‘;(‘nll\' lu'aled. If th<‘ solution is iairlv diliit«‘. and is 
tiltercd aft(‘r about an hour, tlu' carbonates of barium, sfroiitmni, and 
''alciiiin an' lelt. upon the filtei (lor their separation, nilr iufru). w'hilst 
( 111 * whole of the ma^^iH'siiiiii icmains in solutions and will be found 
m the nitrati' But sinci' ammonium cldoride solution dissoivi's a 
<eitain aniount of b.iiium carbonate, and also, though to a less 
extent, of calcium carbonate, small amounts of the nnis of thes(‘ 
iiK'lals will be present in tlu' filtrate and, in fact, if onl}’ traci's were 
originally ]iresent, may ri'inam entirely in liie solution, hi loiiq/lete 
mvestioations the filtiate is, thorcfoie. divided into three parts, one 
of which is treated with a few droj)s of sulphuric acid for the detection 
' Zatarh. aval. Chem., 39, 41t. - Ibtd., 17, 81). 
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of the dissolved trace of hariuni and the second with aminoniam 
oxalate, so that arjy small (juaiitity of calcium ion remaining in solu- 
fjon may not he overlooked. If m-itlier nsigeiit produeoa any 
turbidity, even after some time, tlK*- tliird |)oi(ion of the filtrate is 
tested for magnesium ions by means of disodmm liydrogim |ilios])iuite. 
If. on tlie othm- liand, one of the reagents |iroduc<^s a turbidity, the 
juccipitate, wliidi gradually sulisides, is liltered oil Indore applying 
the test for magnesium ion, and slnmld both reagimls cause turl)idities 
the two portions an; mixed, the mixt uri*, which must still bo alkaline, 
is filtered after some time, ami the liltrati; ti’sted for luaguesiiim ion. 

To prove that a precijiitaie ri'ally consists of caleium oxalate, and 
not of ammonium magiu'sium oxalat<‘, it is dissolve<l in liydrochloiK; 
acid, and the solution treated witli sulphiirie acid and alcohol, which, 
in the jiresence of caleium ion. produce a ])n‘( i[iitat(\ 

2. The above-mentioned carbonate precipitate, wliich may 
contain Ixirimu, f^lroiilium, and cuh'nnu^ is tlioronghiv washed to 
remove tlie mngnesinm ion. which might mferfen* with the snh- 
se([uent sc}>aTatiou of the other alkaline lanih metals. Various 
methods may be ustal for the (h“t(‘(<ion of haniini, stronfmm. ami 
rah‘imn in tlie prei ipitate 

(a) The piv( ipitat(‘ is dissolved in -n I'tic acid, tin' solution 
ova]>orat<'<l on the watiu-balli until (he hulk of (he ac(‘tic acid has 
been removed, and tlam diluted \\il,h water, ami (lie lupiid, which 
must still be p<“n'«‘pl.il)lv aci<l {if not, a. few addit ional <lrops of acidic 
acid are added), is treated witli potassium <‘hroniale until it sliows a 
yidlow colour, ami Incited to boiling jioint. If an\' odoiii of acetn 
acid is still jierci'ptible a, little mon* potassium < biannate solution is 
added. I 

Jf barium ion is presmit It is piecipitated c»»m|)lct<‘ly a.s barium 
idiromate. Tlu' li((iiid is allowed to stand for alauit an Itoiir, and then 
filtered. The tiltrati* (which must not ( oiitain imu-c than Id ])er cent, 
of ealeium or stront.ium salts, or <-alciiim ion may la* pri*ci])itat.e<l 
with the strontium ion) is treated with ammonia (free from carbonate) 
until of a pale yellow colour, wlien an additional 10 ^Irops ammonia 
solution an* addl'd, and t he lujiiid is treated with an equal i.[uantity 
of a mi.xtnre of 2 jiarts (liy volume) of 0.3 per rent, alcohol and 
1 part of water. (Can' must lie taken that lioth tin* ratio between 
tlie volumes of solution and dilute alcohol, and the prescribed dilution 
of the latter are fairly closely maintained ) li siro)}liinii ion is present 
a yellow yrcciyitatc is obtained. (Heating promotes its sefiaration, 
but the tcnqH'rature must not exceed UO'^-70'^.) 
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'I'fio liquid is filtcrod and tlie liltrato troatod with potaamim firro- 
cififvidc solution {not too concentrated, or }K)tassium ferrocyauide 
will he precipitated hy the alcohol) and ijcntly heated if a ])rc(i})i1ate 
has not already hcon formed in ^hc cold. If cuRium ion is present 
a wliite j>rccipitate of (■(donun poia.^siicni ferrocifonidc is hn'incd.^ 

(/;) The carhonat(‘s are dissoha'd in acetic acid, and tlio huriutn 
ion precipitated with jiolasstuni clironiolc, as desciiheil in (n). The 
hltrate from the hariuni clironiate precipitate is neutralised with 
atninonia and the earhonati's of strontium and calcium ])rec.ipitated 
wifli ammonium carhonate. After siandiu” for a lonji lime the 
])n‘cipitate is dissolved in the smallest possilih? amount of*livdro- 
< lilonc acid, tiu' carbon dioxuh* cxpidhsl by boiliiiif. ami the solution 
neutralised with ammoma. and, after tIu' addition of a htth' ammo¬ 
nium chloride sobilion, trealccNw i1 li an e(pial volunui of a satiirat<*d 
solution id pold.s-^iiriH Jriioc//fnu</c am! Iicattal to boiliim; point. 
I'alciiim ion is pjcnpit.ilei! as calcium polassiuin ammonium ferro- 
cv.miflc 'Fins is si'p.iratcd i^v fill ration, ami the filtrate is treated 
with ammonium carhonate Strontium laihonafe is ju-ccipitaU'd, 
hut. oiilv after a considmabh' tunc wlnm 1 he <|uant itv is small Thc^ 
pr('s<'nce of strontium ion is <’onfinm“il bv dissolviui; tin* si'parat.etl 
precipitate in by<lro<bloric acid, evapnratme tin* solution to dryness, 
'bssolvuic the n’siduc in a htth* \\at<‘r and addme calcium sulphate 
soliit ion. 

(e) 'The carbonates are ilissolvcd in dilute nittic acad, ami the 
solution cvaporateil on t Ik* watci -bath to drvm'ss, t.lu* residue lu'ated 
'Somewhat more sir»)ii',i[v (not ov<‘r 1<S0') mi an aslx'stos plate, the 
'//// nilrnfes jxiwilcrcd ami mixed in adrv boilim; flask with a. mixture 
<if efjjiial parts of n/oo/n/c iilcolnd ond- rlhcr. ami tlic llaslc eoi’Kisl and 
allowixl to sland for smm* lime wjlh fieijuent sliakmc. 

(\ilc>iiiii nilrolr thssidir.'i. irinisf. if the inflates were (piite drv, 
liiiitiiiii ond slioniIIIni nilifih' rcnxuii iindissnh'rd Tin* pie< ipit.ale is 
tillered off ami washed four turn's with a mixture ol equal patfs of 
ahsoInt,<‘ alcohol ami I'tln'r. The filtrate is I rcated with a /hr drops of 
dilnfr .Hufidiiinr iiciil. Since cahiiim suljilials' is msoluhle in alcohol 
a pirnpitiili' must lx* foniu'd m the j)resence (d calcinm- iov. If any 
ap[)re<-iahle amount of precipitate is prodm ed f.he presence of calcium 
'Oil IS indicated. If it is onlv small, it mav he dm' to a slijfJit quantity 
of .strontium sulphate derived from stroufiiim nitrati', which, if water 

* rcc.ifd 1,0 other sug^oal.Kin.s for nic-(Ixxis of K'pjinition based iq)ou llx^ 

'li(reien(. di-erees rif snlulxldy of llxj> eluomates. see, Dutiiesiiil, Zfif'.fh. iiiiol 
('fill,, . 41, (ins ; m-iehard, ihtri.. 46, J7H. 
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hits not l)oen ( (nnplcti'lv (‘xcIikIcmI, mny havo dissolved. In tliis ease 
tli(‘ solution is niix‘“d wil li nhont 1 i- c of water, the ether and alcohol 
evaporated, a few drops ol niinnonia solution an<l about 1 j’rm. of 
solid aininoninni sulphate add<‘d, iind the Inpiid In-ated to boiling 
[>oint and (iltiued. The lilt rate is treated witli one drop of aectie 
acid, so as just, to redden litnms ])apei\ and then witli a few drops of 
(Kui/afr sohitioii. If (‘((Ir.ituu. ion is present a precipitate 
of ciileiuin oxalate is huiiied inuiiodiately. or after standing for some 
time if the. <[uantity is small. Tliis cannot be, mistaken for strontium 
ioii. whicli may ]>e presiuit in small cjuantity, since, the traces of 
stronliiini snlphatm whi<'h dj,ssolv<‘ in a conrentrat«'d solution of 
ammoiiinin sulpliate, ore not precipitated ])y ainniomum oxalate m 
presence of ins' acetic acid 

d'he, nndissolved uilidli's: of Ixii nini and slranliinii arii dissolved 
in 70 to loo times their weight of water, the solution iilO‘V(‘d, boiletl 
if noeessarv to remove t he ahohol and (“flier, and aeidilied with a few 
drops of a ((“tie acid, and t he hai mm iod preeipitati'd with jiotassium 
chromate, as desenhed abovi“ under (u) The liltrati' is tesOal for 
si font mm ion \\it h aminonmm caihonotn, as di‘senbe<l at the (“lul of [b). 
A small ])reeipita.te. whieli might he, due t(i insniiieiently washed 
calcium nitrate, is dissolsed in livdroelilonr acid and tested with 
ealeium snl])hat(‘ solution, as in {!>), or the )i) dnu liloi le acid solution 
is neutralised witli aninioiiia,. Inuled to ii“tno\(‘ eailxui dioxide, and 
treaO'd witli jiotassiuni elinmiate and dilute alcohol, as in {a) 

{<{) Tin' liarium ion may also lx* pieeipilatcd, as m {a), and the 
strontium and ealeinin mns. as in (h). us carlioiiaies, the piecipitaO' 
dissolved in nitne acid, and j in‘ nit rates .sej)araled l)y nmans of ether- 
alcohol, as in {<■) 

(e) Small </i(aiiiilu‘s of <-<ilcmm ion in tin' jireseiua' of a. Jarffc amouni 
ofbaimm and .sironimm tans inav also lie di'b'cled b\ treating the 
solution witli a little h\'dro( hloru' aeid, heating it, ailding dilute 
suljilmiic ariif tilleiing olT tin' ])reeipitate. and tiist leiuh'i'ing the 
liltrati* alkaliiK' uitli aniinoma then aiidilying it with acetic, acid, 
and adding ammanmm oialalc. A jiiecijiitate, winch is often onh 
produced afl(“v a <'onsideiable i inn*, indieatI's ealeium ion, since traces 
of strontimu snlp!iat«‘. wlneli may have K'maiin'd in solution during 
the pi'eci])itatioii with sulpinirie acid, are not piceipitated hy 
ammonium oxalate fioni solutions containing fr(‘e aeetn^ acid. 

(/) The older nietliods eominonly used for the separation of 
Juirium, strontium, and ealeium ion, or for the (h‘tocti(m of one, ion m 
tlio presence of one of the others, wliieli w(‘ri^ based on the differonee 
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in tlieir bcliavionr towards oalcium sulphate solution, on the se])ani- 
tion of th(^ dry ehloritles by means of ah-ohol, and on tlic s<*pai’ation 
(if the sulphates t>f strotitium and culciuni by tueans of aminoniuni* 
sulpliute. are, nnieli less aecuratt?. tlian thosi* d(‘S(’ti](ed, as niav be 
Liat lieied I roiii wlial lias l)eon said about I lie riviel ioiis of the mdividtial 

lOtiS. 

Xor IS tlu' method ol s<‘paiatine ]>aniim ion Irmii stiontium ion, 
based upon the dillen'uf- IxduiAiour ol the sulpliati's towaids a 
solution of ammonium (arboiiati', or a mixtim^ of potassium carbonate 
and snlpiiatc, to be leccimimuuled, siiua* when baniini sulphate pie- 
dommates a portion ol t h«‘ strontium snl[)hat(‘ remains uiuh;eompose<l, 
whilst when tlie stiontium siiipliati' predominates liarmiu sulphate 
Is also converle(l into c.nlionate 'I'his method of separating l).irtu*m 
a.iid strontium ion i^nvc's ln'lltw results than the, ]U’i-c<“ding ones, but 
IS also not e-\a< t The methods of sepaiating the nitrates and 
ihtorides depending U])on their dillenuit solubilitv m coneenti.itcd 
nitiK acid, which doi's not dissolve barium ami slroutiuin mtiate 
(S. (J Kawson, '/.rtlsvh nnuL 0//ci)i , 46, or in concent rated 

livdrocliloric acid, wliuh does not dissolve barium cldonde, Imt 
dissolves the chloiidi-sof strontium and cahium (Ih Kbier, Zcilsrh. 
uiKil i'hiui , 48, 175). are unpleasant to use We may also rider to a 
method of detect mg and separating harium. st i ontium. and e;di mni 
ions, which llimts ' lias h.ised upon the dilTerence m soluhililA oi tlie 
resptM’tivi' siilji/nlr.'; jii li\ilioehloiie acid, aeetie, acid and water 
(S(‘c 11 ; See d.'i, S, and See ;;ti, '.)) 

If Silliihiitc.s of ll/v nilainu' cdil// niddh ai'e under (‘xaniiiiation. 
the mixture mav iiist be extiaited with a. sm.-ill (|Uanl]1v ol water 
Thosolution will I'oiitain the. whole ol tln‘ magnesiiiiii sulpli.ite, when 
the lattiu- is not piesciit lu the form of kn-senle, togetlier with a small 
amount of tlie ealeium suiphatm d'lie ri'sidiie is fused with 1 parts 
nl potassium and sodium rarlionates. the liised mass tieated with 
hoiling water, tin' extract nUmed, and the insolulile carhonates 
\vaslied and separated 1)\' one of the methods desenltcd aliove 
(under 2), 

Pliosphates of the alkaline earth metals may he decomposi'd hy 
means of feme, idiloride, with tlie addition ol sodium aiel.ilc (see 
riiospliorie acid, See 107,'.»); the respective oxalates aie dillei etil lated 
hv ciniverting them into carhonatos by ignition, wlnlst tin* tlnoiides 
and silicolluorides are first converted into suljibates by healing them 
with concentrated sulphurn- acid. * 

* C'hem. Zciilrulbl., 1011, 1 , laeU. 
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4. Barium, strontiiuu. and calcium ion may be detected much 
more easily, even when they are all ]>r<“sent iO'^eUier, by means ol 
the flame coloration oliserved throuj^li a Kpcdr<)sco]K’. than by tin- 
abovc-d<'s«-i‘ibe<l somewliat t«Mli(nis W(‘t nietliods, which, however, 
also atTord an ap])roximate eslinuitioii of tlie relative ijuantities 
Aeconlin”: to the anioM |ir(‘seiit, th(‘ su()stane<‘ is cither intnxluci'd 
directly into the flami^. or is so inti'odu(e<l after ignition in tlie 
reducing flame and moistiming with hv<lroclilin-ii^ acid. 

If verv small amounts <if l)arium and stiontinm an' to he iletected 
in the presi'iice of a iarg(' amount oi calcium, a lew grms of the 
c-arhonates an- strongly igmti'd in a [tlatimim i incibh' over tin* blow¬ 
pipe llaiiK' (ill which piocess t in* earhonales ol l)aiium and strontium 
are more readily I'onvi'iled into oxales m the ahseiici' of caleiuin 
earbonate). the ignited mass boiled with a little water, the solution 
filtered ami evajxirateil to dryness, and tlie residue examined witli 
the spectroscope (I'higelbach). 

It traces of calcium and stiontmm au' to 1 m- deti'ctcil in Iianuni 
minerals, they aie converted l>v a suitable method into chlorides, 
the latter extiac.t('<l witli a Y<‘ry .small amount of absolute alc.oliol, 
the extract (‘vaporalial, and the residin' I'xammed \Mth tin- spei-tro- 
Hoope. 

For the d(‘tec(ion of traces of cah ium and harium in strontium 
minerals, the clilondes aie lepeatedlv ('xlracted liist with eohl and 
then with hot nlcolioi. The liist. extract will ('oiitam tin' (ulcmm. 
tin' later ones tin* slioiitium. and the final ('xtract or residue the 
barium, lii eaeli casi- the sub.staiice is ignited lu tin' leduemg llaiiie, 
then moistened with li\ilrochloile acid, ainl introduced into the 
spectroscope ilann' (Bunsen) 

(t 00 <l ri'sidts ai(' sometimes oldained bv the use of the huiips 
devised lyy Betkmann* {cf. Sec 22. ]>. bS), m wlinli the salt is 
distribul«‘d through hydrogen and introduced together with the gas 
into the Ilann'. X similar appliance has also been devised by E. II 
Kiesenfeld ami il. K. \\<ildt'rs.- 

E. Jl. |{iesenteld am! <!. I’intzer (/Av,, 46. ll.'ld) reeonimeml the 
use of arv-Uijlii ■'<pcclru for the spectrosiopie (h'teetion of the meinhers 
of the second analytical grouj), ami «h'scnl)(' a special apparatus for 
the production of such s]>ectia By this nn'aiis it is possible to 
detect not only harium, strontium, ami calcium, iiut also magnesium, 
the s])ectriim of wliicli under thesi' conditions slniws three adjacent 
linos, 5lb'8, 5I7’d ami 518*1. 

^ ZnUsch. phyAh. Chetn., 57, O-tll. ' Bir., 39. 2028 ; C'fu.m. ZAt., 30, 704. 
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'luruj) (hioup. 

Ions of the Metals of the Earths. 

of fiTijiuMit o( cufiv'uc.c : Aluminium, Chromium. 
Mi'mltc'i-s of rarer (ueurn'iiee : Beryllium, Thorium, Zirconium, 
Yttrium (and other ions of the yttria earths). Cerium, Lanthanum, 

Didyinium {Piusnitlifuniiiii itml nciHlijiHiHhi), Scandium, Titamum, 
Tantalum, Niobium. 

Sko. ;;!i. 

('hitnu Id tshc'-^ nf ihf (donf/. * 

Position of the Members in the Periodic System, —Tlie only 

cleineiiis of fir(|ii('nl oia in ren((‘ (ontaine<l in llie, tliinl anal^lleal 
-i'ou|t ,iie (ilnnuiiniiii. (lie < liaraeteristie nnnnber ol (lie lliiid ;j,loU|» 
o| t lie periodic s\ si cm and cl/iniii/iini. \\ lin !i rn.eiipies ([lilt e a dllU'reilt. 
p(^^ltloll in (lie peiiodii s\st<‘iii (in the si\tli ^^rotip), l>nt’ winch, in 
solar.isil IS pi esetd as ( liioiiiie ion,('r •.closeK lesmiilih's.ilinniimnii 
in its anaKlical l>elia\ioin' Hn (In* otliei' li.ind, the elements of 
rarer oceiiiK'iue (l<ls^lliell in this i;ioup aie \'eiv ninneioiis. Of 
tlicM'. heulliuin. w’IikIi lie,ids the list ol (he second ^roiip of the. 
perjodie. sNsteiii, IS in arioidaiiei' wilh (he general analogies of the 
s\ ^(enl. ( lose I v I chit ed to aluiuinilitii d'o (Ills ^rotlp also belong all 
the nienihers. loliowiny se.indiinn, (itaiiiinn, or inohiiini. of the lelt- 
liaiid siih-nioiip ol lh(‘ Ihird. fourth, and lifi h i;iou[)sof the jieriudie. 
s\stem. 'i'lie {‘leiiiciits (mined in (lie inori' ieslrieleil senst' ni(l<d> <>J 
I Ilf /II If (mild. ai(\ w'lt h the exception of ( ei lum. only In valent, ; in 
aieordame with their oedirreiue and behaviour tli<‘y are itroiiped 
iiM^er tin- eolleei i\ <“ name ol metals ol t he y| (i la or i et la, e.irt hs, and 
reeciith. with the exception ol se.indiinn and \t.tnmti. winch both 
li.u'e ([inle dilTeieiit' atomic W'ei«ihts, and aeeoidni^K have tlimr 
own plai e in t Ih“ pel lodte system, t lie\ <ue J leipieiit ly plai I'd toj^etlier 
III the positions oeeiqned hy lanlhaiiiim and (■eniim ([>. ll.h) ' Tins 
al-vo ;;i\es expression to tin* lael. Iliad, (Ihxsc* (dements h.iV(‘ a partnai- 
birlv elos(‘ ivseinhlanee to eaidi other, and that some ol thmn cannot 
he s(‘parat(‘d at all hv the oidiiiary anuiytieal methods. Thi'v are all, 
meliidin^ cerium in its tnvaleni form, stron*:;!}' «deetro-|i()si( ivi', and 
as rc'^ards tlndr hasieitv come botwaam. ma(fri(*siinii and aluminium ; 
heiKM', they liave only a slight tendency to form conddexes ami to 
undergo hydrolvsis. 

’ (’[• Hrmincr, anortin/i. Cht/n., S2, 1 ; 11. J. flleyor, Naturwt-^n n~ 

2, 781. 
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I’ho totravaloiit elements belonging to the fourth giouj) of the 
j)erio(lic syste.m, titanium, zircoiuum, and thorium, as also cerium in 
‘its t(!travalent oxidation state, are ess<mtially more electro-negative, 
and of these zirconium and thorium may also be grou)M*d with the 
metals of the rare earths m tln^ wider signification. Jlut, even in 
the fourth group of the jau-iodic. s\st»un, the positive character 
increases with the risi; in atomic weight, so that, whilst, tiiamum 
shows an anijdiotc'rie hehavionr, and is found hoth in combination 
with oxvgen us the amon of a weak acid (espi'cially in alkaline fused 
jnasses) and also as the aidon of a weak base (in acid aipicous 
solutionY thorium is known orilv as cataon. and theri* arc no tlioratcs 
corres])oiidmg to the titanates Tin* solution of the salts all show 
a Mu’oiig tendenev to hvdroivsi‘ and he converted into llie colloidal 
condition, and this again is most jmuioiiijced in tlu* case ol titanium 
which also has the greatest tendency to form complexi'S. 

The two elements, mohmm an<i tantalum, helonging to the fifth 
group ol the periodic system, are, in their iiormat ]>eiitavaleiit con 
ditioii, deci(h‘<liv negative (formation of anions). Tluur salt solutions 
usuallv undergo ]ironoimceil hvdrolisis and rc.idiiv assume the 
colloidal l ondition 

Analytical Characters o£ the Group. The o i n/cs, /n/(ho.i n/cs, <nnl 

trails of o.vififi’Hnli'il (K'lils o/ iiicldls oj ihf fjiiiil (jrouft do not r<dol>lisi' 
on oivilion. The oinlrs. hijiliiKi idrs^ ti/id jil/o.sj)l{(il<'s tar la.s'o/ah/c in 
wah'i'. The hydroxides usually show a. consulcrahle imidejicy to 
form colloidal solutions. In aecoKhmci' with tlnur weak «']ectro- 
]H)sitivc. character, as conipan‘d with that ol Jiu'iiibers of the tw" 
jireciMling groups, the im-mbiMs ol tins gioup >//oiv no Icndcin-if to jonn 
airhoniilrs 'I’ln^ suljdiuh's cannot he pri'parcd hv the w'ct. mctl'oil 
IIifdiiKirn snli)liidt\ therehu’e. ilocs not lorm a prccipitati* m the solu¬ 
tions of thcii salts. Anunonixin >.nliiliid<\ like (unmonio. prccijutati's 
the h/fdro.i ides Irom solutions <d salts coiitaimng tlu‘ nicfals of the 
third group as cations (With regard to their occurnuici' as anions 
in combination with oxvgen and orgame gioups, ndn infnt). 
Ix'hariour tou'ord.s lunmonui and onnnonrinn snlfdiidr di-slin^insfn'K the 
nictids of fill’ l/nrd gionp fnon tlio.cn <f the pirccdni;/ (poups. 

Nearly all the metals of the third groiij) can hoth form salts with 
acid radicli's (in tin* solutions of which they are tlius present as 
cations), aiul can also combine witfi ox\gen t»> form acid tadiclcs 
(anions), whicli tlion unite wulh strongly basic, cations to form salts, 
80 that in that casi^ tlH“‘ metals of the third group are part of the anion. 
The hydroxides of metals of tlic lliird grouji lan therefore act hoth 
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as l)ascs and as acids. In tlie case of tlie last three inenibers of tlic 
iToiij) tlie liydroxides (and in the older nonieiuilature their anhydrides,^ 
tli(‘ oxides) are, th(‘refore., also tcrine<i acids, because they an* already 
of a {)ronounc(*(l acid chara<-ter* Some of the metals of the third 
■ rroup can form <onij)lox compounds with h\droxylated or;j;anie 
>ul)stanees. In tin’ inc.-^inrc of such onfatuc .siiJfsIa/iccs th(‘s<‘ metals 
are eotitamc<l in soIutioTis of lli(*ir sails, not as cations, but as <*.on- 
'^tltuents of coniplcr anio/>.<, and hcnrc do no! .s/'/ou' l}ic ordmanf 
n-achons. caj. an not foccij>{(a(td hif alkali hijdroxidcs. 

t 

Si’KciAi. Rkac! loN.s OF THE Micmbeu.s OP (IhOCI’ III. OP 
h’UEOI ENT OccUKKENCE. 

Sec. 'j(t. 

(a) Aluminium, AI. 271. 

I Aluuinuinn oecaira as a ('onstitucnt ol rocks. csp(3cially as 
siiicat(‘, and is ver\ widclv distributed in all kinds <tf soil It is 
a tiivalent, neaily wliite metal of sp. ;;r 2 and melts at bol o’. 
It does not oxidist* when exposed to the air, and in <‘ompa<t masses 
iiardlv' does so, even on ij^nitam it. is prcpaia’d by (*]cclrol\smc the 
n\nl(‘ b(*t\\cen rarhon (‘h*ctrodc‘s in an electric furnace. It can be 
Hied and is vci-\ din t lie. .\luminium docs not decompose water 
c\»-n at tie* botlin;i jioint. It dissolves r<‘adily in }i\clroeldorut acid 
with tin* libeiation ol hydrogen, formin;.^ aluminium chloride, 
.\1( '1{. ami also m warm potassium li} dioxide solution, forming 
jiotassiiim alumina I c. AlfOlv ) ^ or .Vlt).( U\ . it is onl\'slowly ilissolved 
liy nitric, acid. e\en on lu'atinc 

2* Aluwiinain ondc (alumina), Aid);,, does not volatilisi^ on 
ij^nition, and, lik<‘ llu* hvilroxide, AI(i)II);{, is white or <-olourless. 
ltdts^ol\('s slowlv and very spanni’Iv in dilute acids, but. soniewliat 
more readilv in hot com <‘ntrated hydroi liloric acid. Kusion with 
potassium liN'di'o^en sulphate cijuvi'i'ts it K'adily into a mass which is 
soluble 111 water In the amor|)hous condition the ///fdi-o.ndc is 
re.ulilv soluble in acids, but in the crystalline (“ondition dissolves w'ith 
veiv _L!;reat dilUcultv ther<*in. After ienitioii with alkalis or alkali 
<‘arl)onates the resulting alkali aluminati* is readily dissolved by 
acids, V>y lemtiny a mixture of alumina ami carbon in a current, of 
‘lihirme. or by tin* action of carbon tetracbloiidi* vapour, ('('Ij. or 
alimuna at a teniia'iature b<*low red-lu'at (I)emareay), a sublimate of 
alunuiuum chloride, Alt 'hj, is obtained. 

d. Aluminnnn sails are. wdnte or colourless, those eiintaining 

II 
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oxvj^on are non-volatilt*. fsojiie are insoluhk*. oIImts soluble. Aniiydrous 
aluinimuui cliliuule is solid, forms (•4)louriess crystals, is volatile, and 
dissolves easily m water The soluble abiiniimiin salts-of oxv>fenated 
acids have a sweet taste, eoaiesee. r<*dden litmus (owin^ to hydrolytic, 
dissoeiatiou), and deeonijjose <m ij'iiition into aliiniinium hydroxide 
and the so-called acid anliyiirhle The salts insolulih! in water are, 
with the excej)tion of certain compounds of natural occurrence, 
dissolved by hvdrochloiic acid ; those insolulth* in hvdrocliloric- acid 
ari‘ ilccomposcfl on ijimtion with sodium and potassium carbonati's 
or potassium li\dro;;en sulphate (p 57). They may also la* decom- 
pose<l and <lisso|y(‘d by jiisdiny them lor 2 Innirs at, 2()tf‘ to 21(1 
in a linely powilcred condition with 25 per <cnt hvdroclilori<^ acid, 
or with a mixture ol jcnts by weight of cmiccntratcd sulpliuiic 
acid and ! part of watm in sealed olass tubes (A Mi|,sc1i(‘|-!h-1i). 

1. Potassium hydroxide and sodium hydroxide (as also ininum 
and calcium h\droxidcs) ii/oilmr m sohdiofis nj tihiniuiuiin .sah-s a 
vnlinmnous pnnpi/afr <>/ (iluinn/nri// AlfOJl);^ (containiuc 

alkali and usually mix<‘d witli l>asi<- salt), w/itrh ci. tai(lil;/(ttidc<iniplti(’lif 
.sohihlc if} c.rcc.svo/ iJ/r jifrcijnhdiiKi tcd'jnil . The solution of abiminium 
hydroxab^ m solutions of the ]iy<lroxides mentioned de]tends upon the 
fa(d, that it is an uni))hoteric <‘lc(.tiol\te {i.c. positivi- or negative 
accordin|f to the eondit ions) \\ hen tlie li\d?oxvI ion concentration 
is sulHciimtly hi^h (excess of alkali li\'(lrf)\ide) hxilro^en ion is split 
olT from tlie ])ortion of aluminium h\dioxide' remaining in solution 
as liase* (and eombiru's with th(‘ hvdrow ! ion te* form water), and the 
cation Ab" is thus conyerted into tin* anion or AlO.O': 

(Al--d-dOir)H (d(Hr f-.'bW) -(AIO'^J f;jNa) i-;Jll.d) 
or (Ab-d.'iOin [-{011^ I Na)- (AlO.f)^ | Na)4-2lM) . 

This destroys the eepiilibrium between tlte nndissolved aluminium 
hydroxide (tin* body substance) and the alumimuin hydroxide 
remaining in solution as bas<‘. so that a furilH'r portion of abiminiuin 
hydroxide is dissolvcal, and underj^m's the same deconiposition 
This jirocess continues, in presence of a sullicient excess of alkali 
hydroxide, until the whoh* of the aluimniuiu hydroxide has dissolveil. 
The ]>roe,C3s (if the conversion of A1 ' d OUil' into AK)""-)-SH*/) is 
reversibb', and only eontimu's to linabty from left to rij^ht when there 
is a jiroat excess of hydroxyl ions. Tin' solution of the resulting' 
alkali aluminate remains ch'ar on hollln^^ but tlie aluminium 
hydroxide is re-pre(*ipitated even in the cold, and completely on 
boiling, liy the addition of ammonium cldoridix Tins precipitation 
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|)\' jinimoniuiu chloridt' dopends ujjon the fact that ammonium ion 
IS <l(‘ciclc(lly positive tliati sodium or jiotassium ions, and also iti 
lupifous solution IS largely dccoinjioscd into ammonia NHy and 
fi>(lro^u‘n ion ]I , which combines witli Jiydroxyl ion to form water. 
This causes a pronounced reduction in the Jivdroxyl ion concentration, 
and the anion or AlO.O' is re-eonverli'd into the cation Al'“ 

and th(‘ hydroxyl ion (/ c the j)rocess described above runs from ri^ht 
1o left). If tlio solubility [iroduet of aluminium and hydroxyl ions 
is thereby (wecMMh'd. aluminium hydroxide is }»reeipitated. On 
heal iii^ tlie liipiid t lie volatilisation of ammonia rediieivs tlie hydroxyl 
ion concent rat ion still liiither. ainl thus malo's the precipitation more 
eoniplete. The pircipilit/t- /s lUft soluhlc m vj.'Cfss of oini/Kmwnb 
riifonili' .'tolulfo)) Anniiomutii s(tl/s do not tnfor/rrr with thv pre- 
cijii/iilion of (ihninn/mn In/di'o.i ido Inj potussinm or sodia?//- In/dtojulc. 
A< ids tiist pieeipitate aluminium hydroxide from solutions of alkali 
aluininale, aiul when added in furtlier (piantity re-dissoKe tin* pre- 
( ijutale The ri'aetions outliinsl pjoceed as follows : 

Al-*-f:j011'-Al(0JI);t 

I ;iOJl' AI(/Ai-l-;ill.(> 

or AI(OM);j-TOjr: AlO.O'd-'lU) 

<’!(. Ai('l,j-|-3KOjI AlfO]l),j I ;iK('] 

AI(0Jl):t+3K01I -AI(OK}.t-|-;dIA) 
or AI(Oil);j I KOjr AlO.OK-1-211.0 

nnd in the, reverse (lirection * 

AKb'b, I :U[--”AI(0Il);i 

nr AlO.tT I 11 I Jl.O AI(OJI).( 

• Ai(OH);j|3H' A1---I3II.O 

'■7. AI(OK);t-[ bliri A]{0H)3 1 3K(1 

or AlO.(»K ! HCl-l-lloO--Al{OM);j |-K(’t 

Ai(Oll).3 I AII('UAl('lyd-3H.O 

The ])reeipitation of aluniniiiim hydroxide from aluminatc 
solutions by means of ammonium salts is sliown in the oipiation : 

AI(r':j+3NMI*,^--Al(Olf)3H-3NJl:i 
'■ 7. Al(ONa)3 i ;iNll4<'l-Al{011)3+;jNa('lT-dNHa 

5. Ammonia, ami also ammonium sulphide, hoth produr.n a 
prccipdafe of <ilunn/nnm Jiijdroj'kle (eontainin.i^ ammonia and basic 
•'^alt). This is dissolved, with the formation ofc aluminatc, on adding 
n eonsiderable exi^ess of ammonia, but not readily, the difficulty of 
solution increasing witli th(‘ proportion of ammonium salts in solution 
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{i.e. the more the dissociation of the ammonium hydroxide is checked), 
foiling promotes the precipitation hy causing the excess of ammonia 
to escape. 

(1. The carbonates of alkali melals and ammonium pro<Zwcc a 
white, fJoc(‘nl(')ii f>m'ipit<ili\ llic composition of wliich varies with the 
conditions of concentration and temperature. It is a strongly basic, 
aluminium carbonate or a mixture of mucli aluminium liydroxide 
with some aluminiuni carbonate. Tln^ aluminium caibonate formed 
in the e([uation : 

e.(j. aAhda-l 3NaX();^-- Al 2 (('U.i)aH (iNaCl 

is, ^0 a largo extent, immediately hydrolysed : 

2Al"M'3CO^^-f(dl20-2Al(()JI);5 hdll/^Og 

The unstable carbonic, acid molecule then flocomposes with tlie 
formation of water, and curhon. dioxiilv lOnch cacupeti with efferresceva’ 
The preeipitate is sonu'wliat soluhh* as alummate in <‘xcess of 
potassium or sodium carbonate solution, hut less so in excess of 
ammonium carbonate .solution In tin* cas(‘ of the latter boiling 
promotes tlie ])re(npitation. 

7. On treating the solution of an alnmmium salt witli finely 
divided barium carbonate {]»reci])itatod in water) dccon?po.vdum takes 
pk/cc even on standniq m the cold. Barmni um is dissolved whdv 
iiluminium is preipilatcd as a. basic sail or hydroxide 07al carbon 
dioxide escapes. 

8 . Sodium ihio.sulphate solatum y7res. on heating, a white pre- 
cipilate, consisting of a inixturc of alinninra^n hydroxide and sulphur. 
(According to hVicdlieim and Zimmermann the jirecijiitate also 
contains ba.sic. aluminium .sul})hatc and .sul})liile ) 

The reaction takes pla(-e in accordance with tlie e(|uation : 

2Al---d-dSoO''3-I dlloO- 2AI(0H),.,-| ‘>S-[ .‘hSO. 

e.g. 2 AItd;rf-dNa.,K.A);H--‘irr 20 --- 2 Al((>]I).vM>Na('Ul dS-bSSO^ 

Here, owing to the liydrolytic dissociation of the aluminium salt, 
the resulting free acid {i.e. its hydrogen ion) lias a decomposing action 
upon the thiosuljihate ion ; 

S-dr'y-HI- -]iS(.b;j+S 

The weakly neggtivo liydrosuipliite ion combines with a 
further hydrogen ion to form undissociated sulphurous acid, which 
decomposes, especially on heating, to form water and suljihur dioxide, 
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wliioh osoapcs. As the Jiyiirogcii ion corros 2 )on(Jing with the 
hydrolysis equivalent; ^ 

(Ai* • ^3cr) i-3{jrA-ouo:i^(Ai--i :)Ojr)+3(ir+cr) 

is removed, :i new dissociation of the aluminium salt continually 
takes tlu‘ solubility jirodiict of aluminium hydroxide is 

exceeded, and the hydroxide is ])recipitated. 

NotC!^ to 4, 5, i), 7. and 8 : («) If pho^phnic ion is also jtresent in 
llie aluminium solution, phospiiate, not hydroxide, is precipitated. 
{h) Tiufarir cHnr arid., and otiic'r non-volatile organic^acids, if 

jiresent to any eonsideralilc'. c'.xtcmt, iuterfeiT with tlu* precipitation 
of aluminium, owing to the* formation of c-omplox anions. horJJie 
same ic'ason the presence cd sugar and similar organic: sulcstanecis lias 
an inlliiiiiee on tJie complc^tcmess of the precipitation. 

!i Disodium hydrogen phosphate prreiiniatr-^ alainhi/uvi. }ilios~ 
Jihalr, AIlM), i 4JIA). J'lvm .solaliinis vj alaininiunh I'hc 

\olnimnous pm ijulutc dissolve's readily in potassium and sodium 
hydroxide, solutions, with the formation of ahimiimte ion, AK and 
[ihosphate ion. IM)'".,. but with more dillieulty in ammonia solution, 
and IS almost insccliible in tlu‘ prc'senec of ammonium salts. Hc'tiee 
ammonium cblcuidc' prc'c ipitatc:s it from solutions containing sodium 
or potassinin li\'droxidt'. 4'hc! precijiitatc', is rc-adily solulile in liydro- 
ehlcuic. or nitric acul, but not in acc'tie. ai:ul (disliiietion from 
alnminiuin hydroxide) ; sodium ac^ctate therefore iirecipitates it 
irom its solution in liydrocldonc: acid, if the latter is not too con¬ 
centrated. Tartaric, acid, sugar, etc , do not mterlere witli the 
precipitation of aluminium jihosphatc*, hut citiic acad prevents it 
((r*othe). 

10. Oxalic acid ami its salts do not prc'cipitatc: aluminium from 
solutions of its salts. 

11 . Potfus.siiwi. sidphafr, wlieii added to very concentrated 
solutions of aluminium salts, eau.ses a gradual scjiaration of (duminium 
pota-ssiu'iih Kulphair (alum), AiK( 804 )o | 1211 .^ 0 . in the form of 
cry.stals or a cr\ stallim: jiowder. Analogc>us alums are also produced 
by other jm'nd>ers of the first analytical group, especially ruhidium 
and cicsiura ion. Use is made of the sparing solubility of the 
cu'siuiii alum in the mieroeliemical detection of aluminium. 

12. On ipniltnij uluimnium compound.^ on charcoal by means of 
the lilowjiijic, then •moistening the dcpos%i wdh^a solution of cobaltOUS 
nitrate, and again igniting it strongly, an unfused hnyht blue mass 
(a oobalto-aluminate) is obtained. The colour first appears distinctly 
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after cooling. In caiKlIe light it aj)[>oars violet. 'I’he reaction is 
only relatively distinctive when the blue, mass is infusible or melts 
with dUlicultv ; it is never ahsolutely (b‘cisive, IxH-aiise there arc not 
only r(‘adily fusible compounds free irom ahumnium, but also some 
which fuse with diflicultv or not at all (c <}. tin* neutral jilmsphates of 
the alkaline earths), which can give a blue coloration wlien ignited 
with coballoMs solution. 

13. Alkanet tincturi' * is gradualiv c.olouri'd reddish-violet with 
strong orangi'-yellow lluoiesceiue bv neutral solutions of aluminium 
salts (cl^loride or nitrate). Tin* solution shows a rluinictcnshc 
absorjtlion .\iicr(rniii with tfiree liands at bSb Tb/i/r. bbJ’.’i/r/x, an<l 
r)()4‘8/x/i, resjiectivelv If (In* solution is too concent rated, so that 
the bands cannot, be distinctly recognised, tin* solution is diluted 
with alc<)lu»l. In dilute solution tin* coloration at lirst dev(*lo|>s 
gradually, and t in* bands recede bv degri'i's from tin* places of lower 
to those of higln*r refrangibililv Amnnuna pr(*eipitales alummiuiii 
hydroA'Ide, wliilst in*arlv all the other metals give in aninioiiiacal 
solution more or l(‘ss charactet ist ic colorations and absoi jil ion spi'ctra 
with alkanct tinctun*. ib'iice. as a rule. Iln*y do not interf(*r<‘ vvitli 
the aluminium reaction. (Kormain*k, Znlsvh ai/ftl. ('hem . 39, 116 ) 
With regard to absorption spectra, see also II W. Vogel, ibn!.. 15, 
332, and 17, and h’. v. T^epi*!, dm} . 17. Hip 

14. Mann koIuIiod- gives a veiy hin* green tluori*scenec with 
solutions of aluimmum salts, even wfien gH*atiy (liiut<*d. (Distinc¬ 
tion from licryilium and tin* other rare earths.) {<Iopp(*lsioder, 
Zmtsch. an(d. ('hrm.. 7, Ibb.) With regard to the, detection of 
aluminium by means of loywood tvnctim’. si'c also Horsley and 
Schumacher-Kopp. ibid., 31, 222 ; Ipv means of corhendle tinclt.re, 
see Kuckow, ibid , 3, 362 ; and by means of ahzarm, sec P. W. Atack, 
Chem. Zentralbl., 11)16, 1., 176. 

15. For the ■nncroclionical diicciiou of aluminium, see Haushofer, 
Mikroskoidudic Reaklionvn, p. 12 ; Ih*hrens-Kh'y, Mikm'hemisdu' 
Ai\(ihfse, 3rd ed.. p. 80; Sclioorl, Zcil.^c/t mud. ('hem., 48, 215, and 
50, 266 ; Huthgen, ibid., 53, 33. 

1 For the metluKl of |)r(*paring this, sou Magnosiuni, 8co. 37, 3. 

* Morin is a dyostulT ooourrmg in fiiMlic. Jt is proparod by boiling the fustic 
repeatedly with waU*r. an<l coiuentratimi the liltrate, which eauses calcium 
morin to 8e]>arato. On treating tins with sulpliunc acid containing alcohol 
calcium .suJjihate is formed, and the rnonn roniains in solution m the aleohoJ, 
from which it can then bc,orecipitated by water. (Lowe, Zcitsch. ami. Chtm., 
14 , 117). The above-mentioned reagent la an alcoliohe solution of pure morin. 



SK<.'. 1^1 


rimoMivM 


1G7 


Sec. 41. 

(b) Chromium, Cr, 52. 

1 , (ItroMtiDu in thi' pure condition is a wliito, lustrous, crystalline, 
hani, iuittlc inclal ol sp. <;r (i !)2, nu'ltin;^ at 1515' ('lioiuically it 

IS characterised l)v t)i(‘ ia»t that it shows very dillcnuit sta^res of 
\ah‘nc\', which in some rases change, casih' into cacli otlu'r. In the 
coni])onn(is of most lri'i|Uent occurrcin-c il. is mthcr tnvaicnt, and 
analo^jous to alnmimiini. as in dnounr i-ompounds (wdiich arc mainly 
<|catt with in this section), o? he\avalenl, as in rlinniKtle.s (wjiieli are 
more full\' descrilH-d anion,y tin* anions. Sec lol). In addition to 
tlies<\ then* are also l ompounds of divalent cliroininm. c/itoihous 
< onipoiin<ls. and tetra valent and pi'iitav.ih'nt clironiiiini, but they 
an* not ul {ivapient- occurrence, and some of them, as, for example, 
till’ chronioiis compounds, wlimli spc<‘di[\' ab.sorl) oxygon, an* very 
unstable . t|)i*\ <'an easil\ be con\**rti‘<l into clironiu- compounds or 

chromates an<l nlcntificd as sin b Mi/alhr rhoiinnm is .soiiibh* in 
hvdrochionc acid and ot her hvdro-ien halouen acids, in sulphuric aciil 
ari<i III 4>xalic acid solution, with tin* lilK*ration ol hwlroeen and form- 
atior, of chromic compounds (or mixtures of cbionnius and chromic. 
<'ompounds} It is insoliibh* in oxnlisinc; acids (mt.rn- acid, clilorn^ acid) 
ami 111 weak' acids (jihos[)honc acid, tartarn* acid, et-c ) 'I'he 
solubility is^'reatlv modifii'd bv various in(lu<‘nc(‘s such as immorsioii 
m nitric acid, or anodic pohirisal ion. Cliromium which has lioon 
subjected to this tn'atim'iit is no lonm'r solubh* m dilute acids, Init 
retains its lustn* on cxj)osun* to air and b(*hav'cs as a “ mdih^ ’ metal. 
This IS terme<l tin* “ passive " condit ion of ehiomium. as distinguished 
frotft the “activi*" condition, in winch the chromium dissolves in 
diluti* aeids ami uiiderciM's sup<*rlicial oxidation on exposure to the air. 

2 C/irontic (>.u({t\ clironumii oxide, ('r.d);^, is an amorphous ^reen 
jiowdcr, l)ut also occuis iii the form of nearly black, crystals (green 
w’Ik'H powd(‘red). 'I'be iiijdriu i<l<\ which can form hydrates with 
variable amounts of water, is usnallv a grey-green powder. 'I’lie 
prccipilated bvdio.xiilc, t'r(011);{ 2llo0, is readily soluble in acids. 
\\ lien dehvdratcd Ix'jow ignition temperature it yields liydroxide.s 
containing less water and eventually the oxide. The.se eoniponnds 
are only sjiaringiv soluble in acids, and when ignited lieeonie iii- 
eandoscent, and are converted into a yelhnvish-greon oxide insoluble 
in acids. Two different tyiies of liydroxidi's corre.spond with the two 
series of salts (see 5), {.’r{t)Jl) 3 , corresponding with the violet salts, 
iiud (Jr(.)(()II) witli tlie green salts. 
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3. The cliTomw eorros])on(ling witli chromic oxide, are usually 
^violet in the (Tvstalline condition. Many of tlicm dissolve in water, 
and most in hydrocliloric. acid. Tlie solutions of the salts are of a 
violet or green colour. AVhen heated, the violet solutions become 
green, whilst on sjiontanoous ova}M)ration of the green solution there 
is a gradual change back into tint violet salt. t)n evaporating the, 
violet solutions crvstals are obtained , the green solutions yield 
either an uncry.stallisable svrup or crvstals of the violet comiiounds, 
into which tliey have biMui coiiveited. The violet salts arc to la; 
regard(;d as the in'utral salts. an<l the green salts as the basic salts, 
mentioned above as eorn^spondtng with the hydroxah^ {see 1^). 
Jlence they are |no(lueed m the .solutimis from tin* normal violet 
salts in eons(‘(jiii'nee of a |iartial hvdrolvtic dissociation m accordance, 
with tin' reaction: Cr'■ ] li.jO -CrO 12JI'. TIh' formation of 
comjilex ions is also involved in the pioecss i ('hroinium can also 
form complex eomponnds witli a whole scuies of otlnn- siibstan<-es, as, 
for example, with In diocvanic acid, witli siilphnrK^ aei<l, witli organic 
compounds contaimng Indiowl, as well as wiih ammonia, amines, 
pyridine, ote. (eliroinnic eonijxmnds) Th(“s<‘ coini)lex (oin]iounds 
do not sliow tlu' reactions rd the chroitiie ion. ('hroinie .salts of 
volatile acids lose tlieir aciils on ignition ; aipieous solutions of soluhh' 
salts redden litmus, ouing to hydrolvsis Anhydrous chromic 
chloride jirepared hv siihlimatKin is c.rvslalline, volatilises witli 
cliflicultv. is vioh't in etdour. and msolubh' in water and acids 
The presence of evmi a small (plant ity of ehronunis ehiorule or 
a similar vcMlucing agent i'('nd(‘rs anh\drous chromic chloride 
solnhle. 

•1. Potassium or sodium hydroxide hath in the ^pren 

and violet soldi ions ofelnoniie. soils a hloisli-iirren ineeijiilalc oj ehroni'ic 
hifdwxide. o'/iieh on addition ofexeess oj'llie jirrcifolanLJoims chroniile 
ions, (TO-db-j or CrO"'.^, and dissolves leiidihj and eompletelif to an 
emerakl ijieen solation If tins sohilion is hoded for some linic, tin' 
precipitate (unlike the eonipoiind in the corresiionding aluininaie 
solution) sefiiiroles ronifiletrh/. so that the supernatant Ihpiid appears 
completidv colourless. The chromite ions are thus unstable at the 
boiling temperature, lienee tlie alkali hydroxide solutions of 
eliromie hydroxide' are freipu'iitly regarded as only colloidal solutions 
of the hydroxide. TIh^ decomposition of ehiomites on boiling takes 
place in accordance wpth the equations : 

^ Rocoura, Bull. Poc. ('kirn. [3], 6, UOtl; Wliilnc^y, Znl^th. jilii/f-d. Clniu > 

20, 40. 
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(VOgir^H-HsO -Cr(OH)34-()H' 
or (Mr'34-:ill20-<'r(()H)3+3<)ir 

ejj, CrOaiLNa { Il2<)-('r{OJl)3+Hu()][ 

or (V(UNa) 3 -i-;ULO^*:(_V(()ll) 3 .|-aNa()ll 

r.. Ammonia, and also ammonium sulphide, |nv< i|)itat< s from 
^rtM'ii solutions of chromic salts jircv-^iccn chrowic iujdrou id(\ and 
friini violet solutions ^r<'y-l>luc liv<lioxitle Tlic foriiior prccijntate is 
snliihlc in cold li\<lrocliloric a<ad forniinj^ .i n'<l-vioie|. solution, wlulst 
the latter -;ivos u l»luish-\ioh't solution Other conditions (sucli as 
the fonci'iitration. nictliod of achling IIk*. ammonia, etc.) also have an 
induence on llu‘ composition and colour of tliesc livdioxidcs. in the 
presence* of excess o| ammonia the livdroxulcs dissolve to a siight 
exte'iil m the cold, forming a ])cach-colou)'cd to elee-ji ie<| sointidn , 
hut (HI hoiliiig the n-sulting solution for some* time the* Indroxidc 
is coniph‘t<‘lv pit*' ipitate'd 

Cl Nod?!//// l/ijdidfr s<dul/oti piodnce's. on boiling, a. grey- 
gi'(‘en prccipita,te of lujdiundc and sulplifU 'Die icmarks 

made* in esnincctnui with the .inalogous icaedion ol aluminium 
compounds (Si'e* hC S) also a.p])lv to tim lormation of this pre*- 
cipit de 

7. Alkali carbonates precipitate hos/c chnninc cmhondlr, wliudi 
IS only sparingly and slowly soluble on adding (‘xc-ess of tlu; pre- 
npitant {rf Sec 1<I, (i) 

Barium carbonate /nm pilalcs Jiom .solulion.s o/chromK- sult.'i 
lln‘ irhidr <>f fhv c/notiuc ion in tli<^ form of i/ipho.ndc mixed with liasic 
salt Tli(‘ si'paralion take-.s ])la<'(^ ev<*n m tlie eohl, Imt is only com- 
])let,e afi(‘r standing for .i eonsHlcrahh* time (<•/' S'-e 40, 7). 

Disodium hydrogen phosphate pn'cipitaies from hoiimg green 
<»r violet, neutral oi slightly ae.i<l, eliromie salt solutions, which have 
been treated with sotlium aeetal»*. tin* whoh* of the chroinumi as 
chromic phosjdiatc, t'rl’tt, ; .‘ilLO. in tlie form of a light gre<‘n 
precipitate (A Carnot) 

Notes to 4, fp 7. S. and *.) : The jiK'cipitahilitv of eliromie ion by 
imains of ammonia Irom solutions of either the violet or gieen ( hronne 
sails is more or less inlluenced liv tin* ])resenee of tartane acid, (itrii^ 
at id, sugar, and oxalic, acid , after stamlmg for soim* time tlie j)r<*- 
ci]i!iat(‘s first producial rcdissolvo, com]>lctely, forming violet or 
green solutions 'I’he precipitation by hanum carbonate is mliihited 
hv the, presi'iice of the aliove-mcntionod acids. A solution (d a 
eliromie salt, wdiich lias Ix^oii boiled for some time with simIiuiu 
acetate, and then <'ooled, is not jireeqatated by alkali hydroxides 



CH. U 


170 nFJJAVlOVH OF F^VBSTANCliF TO REAGENTS 

and <'arl)onatcs, })ariuni carhonato, or aininoniuni siil])lude in the cold, 
but gives a prerijutation on ])oiling (Keinitzer). 

10. On boiling a [)ot.assiuiu or sodium hydroxide solution of 
chromic hydroxide for a short timt with a slight excess of brown 
lead peroxide (hr v}i)'0))i-n'. u»i IS oxidised (o chi'oiniilv wn. On filtra¬ 
tion a yellow solution eontaining chromate and jiUimhate anions is 
obtained On acjdiH<'ation wdh acetie acid lead chrooiidc separates 
as a yellow precipitate, ((’liain el). 

11. If a lujuid containingeliromie loii is run into a hot solution of 

sodium^carbonate containing potassium permanganate, and tiie mix¬ 
ture boiled for a short time, tin* ehromie. nui is converted mtoc/iie- 
niiitr ioti. On tlimi adding a few drops of alcohol to reiluee tliii excess 
of*|)ermangaiiate, and liltming oil the s(“parated manganesiMlioxidc 
liydrate. any appria iahh; (piantit-\' of chromium iiiav he rt'ccfginsi'd by 
tlic yellow colour of the lillratc containing chromate ion (J)oMatli) 

Otiu-r oxKlising agents, such as looiiinir. hydrogen peroxide, 
sodium jx'io.iidr (atui also the jifif(itl)(ni<il<‘s, pvrsufjdioics, and jux' 
horulcs (»f tin* alkali metals) in alkaline sckliifKm also cause a cliaug«! 
of chromic into chromate jon. This is indicated by tlu^ colour of 
the solution changing from green to \ellow. Chroniic ion may also 
be oxidised to chromate ion in acid solution, eij. i>y means of 
permiimptHoti', mine acid, and jinfassiiim c/tloraic, or by means of 
ammonium persul|)liate in tlilute sulplninc m-id solution, in the 
presence of conemitrated suijihuric. acid tin* last reaction proceeds in 
the reverse direction (v. Knorre*). 

12. If ehromu; oxide or a chromic salt is fused with sodium- uilratc 
and curfxmalc, or Ix'tter, with potassium chlorate and sodium 
carbonate, or with sodium peroxide (llcmpel). tlie tnvajimt 
chromium is eonverteil into the liexavalent condition. Alkali 
chromate dissolving m water to form an intense yellow solution is 
obtained by this reaction. 

Notes to 10. 11, and 12: If the, amount of chromium is so small 
that the filtrati* does not sliow a yellow coloration, a tra(;e of 
cliroinium jiresent may often still 1 k‘ <h*t<M-ted by concentrating the 
liquid and then ap])lymg the tests recommended for the detection of 
minute quantities. 

13. Alkali phosphate dissolves <-liromic oxide and chromic salts 
both in the oxidation and reduction flame, to form faint yellowish- 
green beads, the colour of winch ciianges to emerald green on cooling. 
Borax behaves in a similar manniir. 

^ Zeitsch. angew. Chtm., 16 , 1098. 
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1) I'or the* wicrochcmical ilefeclkm of cliroiiHC compoundj*, see 
lliuisholrr, Mtkroskopt.'iche liatklhum, p. 17 ; Behrens-Kley, 
Mi/./ocItriinsrI/c .t»(tli/sc. 3r(l ed . p 8() ; Schoorl, Zcitscfi. tinal. 
'Am/. . 48, L>10. 

Hkc. 

Siuiniuinf Hud mi Aiu^niinmn ai)d Cliionnum. 

Miiiimiiuiu is ( !iiir;i< lens('<! hv the laet (liat it is precipitated liy 
dkidi {or leunnii) Ii\di<i\i(h\ imt rediss.dves on addition of excess 
nf t li<-rcii«i(‘iit. ati<l can he n'pi<*cipitated fioin this soiution hy ^meaiis 
(if aiiiiiioniuin chloride (or In'drochloru^ acid followed 1)\' ainnionia) ’ 
Tln‘se charactiM 1 st n s. howevi'r. cannot he used lor l lie d(‘t(‘ction 
of aliMiiininni ion when (lironiic ion is siinnllaneouslv j.resi'iit, liecaiise 
the latter hehaves iii I lie sanu' wa.v. d'he aikalin<‘ solutions of 
.ilinninate ion and chioioite u>n may he disl inifuished, however, hy 
the laet tliat the loitiiei IS sfahie when Ixnled. whilst, tlic lalliT is 
(IcMiniposed, with the piecipitation of rliromic. hvdro\i<le 

! The Kins of hot h metals of (he third ^roup niav, therefore, he 
(telecteil in solution hv addin^^ an <‘\<‘ess of alkali Indroxide, diluting 
(liecliMi alkaline solution witli a suitahle projiortion of water, hoilin^ 
it until (he Ihpiid IS (olourh'ss, and 1 lien fill(Tin<i it 

'I’he i-tcen ])r4“cipijat(‘ of chioiiiic hvdntxide is filtereil olT. and may 
he lurther ideiitiliial, c </ hv mcuins of jihosphoric acid 

The liltiate IS heated with a. snlli<a(‘nt (piantity of ainnioniuni 
(liioiKle. or. h('tter aculitied with hydroi lilonc acid (which ]>roducesa 
temporary preciiiitate ol ahiniiniujn hydroxide), and Tendered just 
alkaline with ammonia d'lu' cclatinons precipitate hecoines fluceu- 
h'lit wn lieatin;/;. If inav he identified f/v its liehavionr when heated 
\Mfh <-ol)altons nitrate m the blowpipe flanu‘ 

This methoif of separation is not alw'avs (mtirely trustwortliy in 
the ease of v<“i v small (piantilles of chronii<‘- ion In the presence of 
non-volatile oriiamc auds it fails altooclher 

- lienee the metlxKls of separation Iiased upon oxidation of tlie 
elinunie ion to chromati' ion are more certain. The oxidation may 
he ehected in alkaline, solution hv hoihn^r with ]iotassiuin jiennan- 
.J-nuiate. Tliei ■xei'ss of th(‘ latter is reduced hy heatino the lupud with a 

' l or tho dcU'ctum ot traces of Hlimnnnini, (’ H. Pdit {('hiw /jivindh!. 
|•Ut, I , HIS) rt'coininciids that a hydroxide jirtaijutate slioidil liist he pioduced 
iticHiis of ammonia m the Kolution under examination, the liqunf then treated 
"■Uh baryta w'atcr, hi^aUHi to Ixnliny jioint and I'dteredfand the filtrate acidified 
'olh sulphuric acid, filtcifcd from the precipitated banum Hulidiate, and teRl«d 
'olli ammonia. 
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little alcohol, and filtering it from the precipitated manganese dioxide 
hydrate. The yellow colour of the solution indicates the presence of 
* chromium. On acidification the (colour changes to reddish-yellow, 
owing to the formation of dichromaVc ion, and the aluminium ion may 
then be precij)itatc<l by m(‘ans of ammonia. 

Other oxidising ag4*tits, such ns hydrogen ])croxide or sodium 
peroxide, may be used iti.stead of ])otassium j)ennanganato. The 
alkaline for if sodium peroxide has Ix'en used, .siiglitly acidified) 
solution is boiled with the oxidising agent to di'strov excess thereof, 
aeidified and alumininm ion precipitated with ammonia Chromic 
ion may also he oxidisi'd in judd solution to chromate nm by means 
<)f potassium ehlorati' or ammonium p(‘rsu1[ihate, and aluminium ion 
ftnally preeijiUaf(“d as livdroxido. 

If the acid solution containing eliromii^ and aluminium ions is 
treated with sodium hydroxide until tlu‘ piiM ipitale first formed is 
eoniph'tely r<‘ dissolvcal, and hroniiiie watt'r tium added in the cold 
until the colour of the Inpiid changes from gieeii to u-Iiow (mill! 
ehromic ion has heim convi'i'li-il into ehromute ion), then heated to 
hoiling ])oint and tnaited with an excess of saturated bromine 
water, all the aliiminate ion will he ])reei})itated as hydroxide in 
aeitordance with the formula : 

2Al(ONa)3 |-3llr. [-dH.O- 2Al{011)j | NalbO^AfiNallr 
(A temporary ]irecij)itate of cliroimc oxidi^ may be ]>roduced on the 
first addition of broiniue. Jakob, Zrilsch anal, (linn , 52, 

3. If }n)lid sabsiicncea. as <• </. the two oxides, are present, it is 
advisable to oxidi.se the clirumium oxide, by fusion with a flux.^ 
Thus, for example, 1 part of oxide- is mixed with 2 parts ol 
sodium (airbonatc and 2 parts of jiotassium chlorate,- and fused in a 
platinum crucible. After cooling, the mass is dissolved in water 
(the yellow colour indicates the presence of chromate ion), the 
solution filtei'iHl from the unaltered residue of aluminium oxide 
(w’hich may be identified by heating it with cobaltous uilraUi in the 
blowpipe flame). TIh‘ filtrate is acidified witli nitric- acid, and Mie 
resulting reddish'yellow solution rendered alkaline with ammoiua, 
which renders it yellow again, and jirccipitates in the form of 
hydroxide the remainder of tlic aluminium {ie. tlie poiiion of the 
oxide which was converted into aluminate by the fusion, and on 
acidification was transformed from aluminate anion into aluminium 

^ Organic substances^- if present, are best destroyed by ignition beforehand. 
- Potassium chlorate is preferable to tho nitrate, because the nitrite ion 
formed m the fusion process can again exert a reducing action on acidification. 
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cation) A certain amount of chromate ion may he carried down by 
tlic uluininiuni Iiydroxide (Brearley, diem. ZeiUralhl. 1808, 1., 1150). 

Jf f lic substance is fused with sodium peroxide (with the necessary * 
precautions) ^ or witli a mixture Af sodium peroxide and carbonate, 
ihc aijiieous solution (d)tainod liy boilinj^ the mass for some time 
with wati'r (to dcstroi tlie peroxide) will contain tlio whole of the 
( hroniium as chromate ion, and ail the aluminium as aluminate ion, 
and. after acidification, the aluminium ion may be prccipitateil with 
ammonia in the form of hydroxide. 

ScEciAL Reactions of the Raker Memuers op tiIe 
Tiiikd (iKOUr.2 

8ec. -13. 

1. Beryllium, Bo, 0*1. 

1. Hi r//Ih/im is a divalent, wliite or j^fevisIt-whiU? metal (ap. gr. P8.5, 
melting [loint Ixlow 1000' ). which is stalili* m the air. does not decompose 
water, and is solulil*- m hydroehlone acid, siilphm ic acid, and jiotasaium and 
sodniin hydroxide solutions, with thi* iihcaation of hydrogen. Beryllium 
IS of rare oecurieiiee iii the form of a douhh' silieati' with nlnmmium in 
hci \1 and euelasc*, as a silicate m pli<-nakitc, and in soim' otlu'i rare* inmorals. 

2. lUr>j]hiim o.nih (hcTylla), I’eO, is a wluli', Instidess ]>ow(h'r msoluhle 
III wati-r. Rrior to ignition it- is readily soluble in acids, hut afti'r strong 
Ignition dissolves slow Iv and sparingly in cold, fmt eoinpietely in hot. aculs, 
and IS ri'iidily soluhic aftci fusion with ptitassium hydrogen sulphate. 
Ilni/l/nim h!/fhoxi>l(\ B(*(<)H}.>, dissolves ri'adily in acids when fri'slily 
prcripitaU'd, and is stahh'. 

'I'lie CdiHjioaiulx of lieiyilium closely resemhle the* eoinpomuls of 
alnnuniiim. 'the solubh‘ salts have a sweet astringent taste, and owing to 
liyilmlytu; dissix iation have an a<‘Kl icai-tioii ; their solutions aie eolourless. 
'Pile heiyllium silicates of natuial oceurieiici' are completely decomposed 
In fusion with 1 parts of sodium carbonate, and mo.st of them arc deconi- 
posed by heating tlx'in with coueeutrati’il suljihiuic acid. 

Aiiliyclrous bcnjUi)n)i chlonilr, wliieli may be prepared by igniting a 
mixture of hervllium oxidi* and carbon in a current of <blorine (or by 
muderato ignition m caiboii tctiacldoride vapour, L. Meyer ami \i. WilUciia) 

H white, crystalline, sublimable, hygroscopu', and readily .solubh* m water. 

3. rolas.sinni .sw/iaar hydroridr, inninonirt, uml (nutiioinum 

* Cf. p. 1(J2, footnote 1. 

* Tho following at'ctions have Ixion largely based (csix-cially Secs, l-t to H.'i) 
upon the comprehensive survey of tho analytical chemistry of tlx^ rair earths 
t.v b. J. Moyer and 0. fbtuser (ilie Cfuitiiscke. glna/y/.^r, Xl\’. X\', l!H2; 

E. Knko), and upon tho chapters conlnhuUxI hy Tb J. Moyer to 
Ahomf'n Hfindhuch i!rr nnorffunii^cken Chcinir. Tins roh ronce is all that oan l )0 
iii-vilo IxTo to tho very thorough treatment of the subject and to the extensive 
hihhography m both boot.s. 
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sulphide, i)rc(!ipitat<‘ a white floceulrnt liydroxido from solutions of 
beryllium salts. Wlicn fteshly inceipitab'd, tins is sliglitly soluble m 
ammonia solution ami readily solubh* in potasshim and sodium hydroxide 
solutions, and i-an ]»ie(ij)itat<'d fioin these solutions by means of 
ammoniumchlorido(inthe altered condition it is insolubh* inalkali hydroxide 
solutions), ('oneentrati-d (j.r. containinji a larjiie amount of alkali hydroxide) 
alkaline solutions remain clear on boiling', but in the ease of more dilute 
solutions beryllium hydroxide' is firi'cipitated. oven on standm<; for some 
tim<<, owin^ to the gradual but (‘xti'iisive hydrolytic dissociation of tin; 
beryllium hydroxide in the solution mb) anotlu'i modilication wlucii is h'ss 
solubli'. After tlie liijuid has bei-u bojli'd for some tune the pii'cifiitation 
is comf»lete. (Distinction from aluminium, but only afijilicabh' to eomj>lete 
separation theri'from wIk-ii pure )»otassnim h\'dro\i(le (not sodium 
hydroxide) is used, ami wlu'ii tlu' dilution is not too j'H'at.') 

Turtiirir urul pn'vcnts the ])reeipitation hy alkali liydroxide. Rari/iit 
wntrr also pr»'( i]>itates tlic hydroxide, the pri'cipitate dissolving in excess 
of the T'cagi'iit; tlu' solution remains clear on boiling. When hoiled for 
some time witli fnnmonmni rhinndc thi' fi'eshly-prori|iitalcrl hyilioxide is 
dissolved as bi'rylliiim ion, with the liheratioii of ammonia. (Distmelion 
from aluminium hydroxide } On iiiaiting a U) per cent, solution of sodiuin 
hydrogen earbonatc (‘ontaiinng a Ix'i vilium salt to boiling jxnnt there is no 
precipitation of beryllium hydroxide (a gixxl metliod of separation from 
aluminium ion and iron ions, Parsons and S. K Baines -). Mi'thyl-, 
othyb, and dimetbylannno ])r<‘cipitate bcryllmin hydroxide; an I'xcess of 
the reagent does not redissolve it. (Distiiielioii from aluminium ion, but 
not from iron ion, Kenz.-’) 

4. Alkali rarhonafr.s ])roduce while pii'cijiitates, tlu' com])osition of 
which varies with the conditions. As a ruh' a basic carbonate is formed ; 
this, wlien frcslily jirccipitalcd, is solubk^ in a large I'xccss of potassium or 
sodium carbonate solution, and in a miieli smaller (‘xcess oi ammonium 
carbonate solution. 'This is a jiaiiieiilarly charaetcristK; distmelion fiom 
aluminium ion, but, owing b) the fact that in tiie prcsciux- of herylliun ion 
a certain amount of ammonium hydroxide' is also dissolved by ammomuni 
carbonab' solution (Joy), it deics not afford a basis for the complete' separa¬ 
tion of till' two ions. On boding tin* ammonium carbonabi solution tlic 
beryllium ion s<‘])arab^s readily and <;om])h'tcly as basi(5 carbonate, but ou 
boiling the solution prexluced by [lotassium or sodium carbonate a portion 
of the beryllium sciiarato.s as hydroxidi'. although only after ddution. 

Barium (‘arboiiatv eloes not form a pre{-i])itate w lu'ii digoslctl with the 
solution in the; cold, but ihx's so wlu'ii boih'd tlicH'witli. According to the 
detailed investigations of F. llabcr and C. v. Oordt,* the of 

1 According to A. ZimiiKTinaiin the si'ixvration us comjileto wlien O’ll grin, 
of the earths is ilissolvcd in IlOb c.c. of dilutt' potassium hydroxide solution; 
in the case of more dilute solutions alunumum hydroxide is precipitated siuud- 
tanooiusly with the horylliuin hydroxide. 

* Zat.'trh. (ilia!, ('fniri.*', 46 , 2 !) 2 . 

Ikr., 36, 27r.l. 

•* Zcitsch. anorgau. Cftoit., 38, 377. 
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hcislliutii c‘arlK)nat(‘ prc'cipitatos (lt*crciis<‘« matrnally 

u lih III' "l/<’ tli(“ pm-i[)itatos. Th(‘ liydi oxide wliieli 8(‘parat<*a wiien 
diluted alkaline solutnms ate allowed to staiui is iii tlu' alUned foini, and* 
IS tlieiefori' no longer soluble. It niay be dissolvi'd, Iiow<‘V(t, by washing 
il and boiling it with jiotassnmi hydioxide solution. 

’’t (In Inciting a solution of a bei vlhum suit w ith ili'inniiinniim hi/drojm 
Ifliosphate {disodium hydrogiui ]ilios|)hab' cannot lu* used inst4*ad) in eon- 
siilerabli' c'xcess, dissolving the n'sulting precipitate in h\drochlone acid, 
lieatinc the lujuul and lulding ammonia solution, ilrop l)\ drop, untd the 
icai'lioii is ncutial (an excess must he a\oided), and then boiling (Im* lapiid 
toi some time, tlie oiiginal slimy pu'cipitate (beryllium ammonium plios- 
phatc) becomes civslalluu- and ra|u<IIy substdi's. (’itin- ai-id dfa-s not 
[)ic\ent (he leactioii (Distinction from aluminium ion, Mhich iimler the 
s;ime condit ions ne\ <‘r foi ms a ci \ stallme precipitate, and in 1 h<* presimee^of 
I it I ic ui'kI gnes no precipitate at all.) 'The presence of much aluminium ion 
picvcntslhesi-paiatioii of (he pM-cipitati'of bcr\'llium ammonium |)hos[>liate 
III piescncc of ( line .icid (<'. I’ossler). 

t) O.iiilir (i< ill iiii'l n>'itul<-'> do not prodiici' a luecipitate in concentrated 
solid ions of liei \ Ilium salts (distinct ion from t Ih“ ions of (,hoilum, zircoi^ium, 

\ tlria earths, <criti* eaitbs, lanthanum, ami did \ mium). but a concentrated 
solution of 2 )ot.assium hyilrogcii oxalate j»i('cii)i(a1cs bci \ Ilium potassium 
oxalate 

7. Will'll fused with 2 parts of ])otassium livdrogi'ii iiuondi', KtMlb’, 
t)cr\ Ilium o.xidi' yields a fused mass w Inch i.s soluble in watei aeidilied with 
ludiotiuoric acid. (Method of separation liom aluminium oxide, which 
when treated in the same way is left as a lesidiie of aluminium ]H)ta,ssium 
lliioi idc.) 

S Sodun/i f]nihsiili>hni{‘ doi's not [uoduce a [>reci[>itat(' in solutions of 
hi r\Ilium salts 

For till' si'paiation of aluminmin ion from iron ion Haber and van 
Doi'dt ‘ ree()mmend a method basi'd on the diflei'cnt solubiiity of the 
aci'tj^tes m ehlorofonn. If the hydioxides are dissolved in glacial acetic 
a<nl and thi' solution diluted \Mth \\atei. coneeiilrat-ed by <‘\niporatiou and 
extiacted with ehloiofoim, thi' ixiyllium acetate js ri'inoved by thi' 
chloioloim, whilst thc^ acetates of aluminium and iron remain m the aipu'iuis 
layer. 

t'or the si'jiaration of aluminium ion from beryllium ion Havens - has 
)iro[>osed 1,0 treat the solution of the chlorides with (‘(pial parts of eon- 
eeiUiated huilrocfdorir (trul and cUn i\ and to satuiati' the lupiid w ith ifaMoiis 
fii/ilroijcn rhlondc. Alummiurn ehloiide sejiarates as an insoluble deposit, 
uhieh ('an be hltm'ed oil in a (looeh erueible, whilst bervllium ehlonde 
n iuains in solution. 

For the di'teetion of a small amount of bi'i-ylhuin ion m tlu' {ireseiu'c of 
aluminium ion th(' hydroxides are dissolved m hydrochloric acid, the 
solution evaporati'd to dr\ ness, and the ri'sidue diiyiolved in water, w ith the 
addition, if neci'ssaiy, of a very small fpiantity of hydroehlorie aeid. The 
’ Zeilsfh. nnoKjini. ('lam., 40, ■Ib-'i. “ Ihul., 13, 435. 
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solution IS lransf(M rod to a tube of resistant glass fusc'd together at tho lower 
(ind, aud treated with potavssuiru sulphab* (abo\it 12 parts to I part of 
'alumina), aud suniciemt water to dissolve the salt when heated, and tlio 
tube, after its other en<l has liet'U closi'd by fusion, is heated at a low 
temp(M‘aturo until everything is m solution, and tlien for half an hour at 
180"'’ C. After cooling, tlie tube is opened, tho sepaiatod basi(^ aluminium 
sulphate fUtor(‘<l otl, the tdtrato treated with ammonia, ami tho resulting 
precipitate separated and dissolved in hydroeldoric acid. To this solution 
is added sullieieiiL (strict aeid to previ'iit any precipitation on the addition of 
ammonia, and the beryllium ion then precipitated as ammonium beryllium 
plu>sphat(' (f/. 5, also Sec. -10, 0) ((■ Rossicr). 

10. 'iHoriii do('s not iluoresce with solutions of beryllium salts. 

11. Wlienmoistemal with n>}>olfoiis ml rdf e soliifum and ignited beryllium 
copipounds yii'ld grey niass<-s. 

12. For tlu^ imnocfu nural <IiI<c(ioh of bi-iyllium, see ITaushofer, Mtkxi- 
nhtjit-'^rhc Uralliuiirii, p. 23, and Behrens-Kley, Mikrochnusrhc Analyse, 
Srd ed., i>. -17. 

Seo. 4'1. 

2. Thorium, 'rh, 232*4.^ 

I. T/ionnni i.s a tetraval(*nt metal, which has not y<d Ik'Oii isolated in an 
ab.solutely pute eouddion ; the pn'jinrations hitherto obtained eoiilaiii 
iiiiieh o\id<‘. and are of a dark gny erilour. 'I'lioriiini oe<‘ur.s in the pre 
sumably identual imneials ihoriti' and orangite in the form of silicate, m 
tlioriaiiite as oxah*, and m niona/i(e as plios[)iia(e. "I’lii' spcedic giavily "f 
the uinvroiiglit imdal is about J I'O ; ils melting point aliont 1700’ . It’ is 
stalile in (lie air. and Tadio-aetive On gentl(“ In-ating it ignites and biinis 
with a biilliaiit flame to (hoiium <(io\i(h\ 4’1 h‘ metal is teailily soluble in 

hycIrochlofK; aei<l. witli the iiheralion of ln<lrogen. dissolves with moie 
difliciilty in suljilninc aeid and li_>di()liuoiie acid, .and is insoluble in intnc 
acid and in alkali liydroxale solution. 

2. T'he oxide (dioxide, thona), 'I'liO^. is white, or fierpicntly grey, <yving 
to the presence of <iven tracM's of impuiilies; wlien ignitt'd it becoiiu's 
incandi'scenl, tlie light in the absence of em ium Ixang faintly pale Idiie, and 
in the presi'iiee of eiMium ot a light bluish tint. After ignition it is oidv 
gradually conveited by lieatiiig with sulpiniiie ueid into a suljihale 
which IS soluhliMii lee-watm-and m dilute sulpliuiie aeid ; it is insoluhle 
in other acids, ami on fusion with alkalis. On evajtorating tliona, 
obtained by tlu' gentle ignition of the oxalate, with hydioeldoric oi 
nitric aeid, there is produced a colloidal milky-white solution of 
thorium dioxaie, whieii by transmitted light apjiears ]nir<‘ yellow. A 
similar sol may be oblaim'd from the ]m'( ipit.ated hydioxide by treatmi'iit 
with tlioninu nitiate at tin* boding temperature, or by treatment with a 
small amount of alinminum ehlonde, feinc ehloride. or hydrochloric acid 
(folloidal solutions of t(u8 kind may also Ix' projianal by long-continued 
treatment of thorium salts with veiy pure watei', or by dialysis. The 
* See p. 173, footiioti^ 2. 
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addition of an clectrolyt<^ precipitates the refliilting aol. Thorium hydroxide, 
TIi( 0 H) 4 , dissolves readily in acids when in the moist condition, but only 
wjtli difliculty after drying. Thoriuui chloride, 'rii(Jl 4 , sublimes at an* 
incipient white heat. It forms oijy a few extremely unstable coni])lex 
salts of a thorium Jiydroidilonc acid, since thorium as the most positive 
member of its group (|icnodic system) shows the least tendency to form 
(•(.uuplexes. Tliorito, thorium ortliosilicatc, is decomposed liy moderately 
concentrated sulphuric acid and by concentrated hydrochloric achl. 

3 . hydroxide, <imvtonia, and amfiioiiiiim snlphvle precipitate 

from solution of tlic salts white thorium hydroxulc, which is insoluble in 
<-xcess,cven in the ease of potassiurnhydroxide. (Distinction from aluminium 
and beryllium hydroxides.) Hydroxylamine hydrochloride does not 
inhibit the precipitation by ammonia and aininonium sulphide (distinetion 
from uranium ion) ; tartaric acid prevents the precipitation. Amlme 
}iiv<.ipitates the li^dioxide from solutions of thorium salts. (Distinction 
Irom the ions of ccimm, lanthanum, didyinium, and yttria earths, A. Kolb. 
The precipitation is jiromoled by tiie presence of amnioniuni salts. 

•I. ro((i.ssii()ii’ niihontdc and oiiuiiomiim rarboioile precipitate basic 
thoi lum carboiiatt', \v lucb dissoh i-s readily m I'xeess of the precipitant wlu'n 
coiieentiateil, and v. il li (litlieully w luaubiute. (i>istinctioii from aluminium 
loll ) 'J'he solubility ol llionum .salts (meluduig the oxalates and pbos- 
[)liaLc.s) in alkali am! atnnioiiium earbonate solutions may be utilised in a 
method of separating tlioiiUin ions lioin the e<“ria earth ions, uhieh foim 
nliiHist insoluble doiibh" salts with alkali earhonates. 'J’he amnioniuni 
r.irbonate solution deposits tli<‘ basic salt atiaiii even at 50'^ UiUiKm. 
Cl) 1 ) 01 /.'Ip' preeij'itates tlioimm jon (piantitaliv<‘lv <‘ven m the cold. 

0 Hydiojlnorir ond gives a [uempilate of tlioimm lluoride wliieli i.s 
gelatinous at tiist, but beeonie.s giamilar on staiuling. Jt is insoluble in 
wakr and li\diocblorie acid. (DistiiuTion ftoin the ions of aluminium, 
b(‘t'vllium, /.neonmui, ami titaimnn.) 

0. Oxalic mid and also ann/ionium oxalate produce in neutral ainl not 
too strongly acid solutions a w liib*. veiy line iireeipitate. (Distinction from 
iiluniiniiim and beiylbiiin ions ) When this is produced lu a boiling sligbtlv 
acid solution and then alJoweil to stand for some turn' in the cold, it lieeomes 
'uaisely gianular, and will not pass u'adily through a lilter papei. 'riiis 
jiiccipitate of thorium oxalate, L'i’h(Cd.) 4 )o i-blD()|, is practically msolulilo 
III oxalic acid solution, and only very slightly selnbh* m dilute mineral ai ids 
(‘listmction from yl trium, cerium, and zirconium ions), hut is readily soluble 
m a solution of animoTiiuni acetate containing freii acetic acid, lb dissolves 
fairly readily in boiling concentrated solutions of alkali oxalates, csjiecially 
ammonium oxalate, with tlic formation of very Btable complex salts with 
the anions iTh(Cij 04 ) 4 r"'. or 1 X 11 ( 0204 ) 3 !", or [Xhi.( 0204 ) 5 J". On cooling 
an<l diluting the solution there is no reprccipitation of thorium oxalate, 
J>r<ivided that a sulhcient excess of amuioniam oxalate is ]iresent. (Distinc¬ 
tion from the ions of ci-ria earths, lanthanum, didyniium, and to a certain 
extent from tliose of the yttiia earths, although tiie oxalati-s of tlie latter 
^ Journ. imikt. ('hew. (N. R). 66 , 59. 


12 
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are not so inpolnble in an\moninm oxalate so]\ition as those of the thrcjc first 
groups of oxalate's.) ()!> tlie a<ldition of acid, especially hydroehlorio acid, 
the resulting free complex acid, ('rh{(' 204 ) 4 lH 4 , is readily decomposed and 
thorium oxalate is re-])recipitated. (tl)istinction from /.ireonium oxalate, 
wliicli is not [irecipitated imd(‘r tlie sanu* conditions.) 'riiorium oxalat<- 
may be scpaiate<l ftoin the oxalates of the oilier earths (with the exception 
of those of the partially dissolved yttiia earths) by pK'cipitating them 
iogt'iher from an aeid solution, and exliaeting them with satiuated 
ammonium oxalate solution. 

7. A concentrated solution of sufp/iafr ]>reeiintates thorium ion 

slowly hut compleU'ly. (l)islmetion from theioiis of alummiuin, hervihuiii, 
and y^tna I'arths.) The iireei|)itale, potassium tlioruim sulphate, 
K 4 Th(S() 4 ) 4 . 2 H j(>, IS insoluble in a eoneentrated solution of pola-ssium sul¬ 
phate, hut dissolves slowly in cold and imuhly in hot water. On the other 
hand, the eoiTesponding sodium doubh' suljilmte is readily soluble even m 
saturated sodium siilpliati; .solution, in <-ontradistiiietioii to tin; behavioin 
of the ceiia eaith compounds, whilst the yhiia eaitii metals form soluhle 
double salts lioth with potassium ami sodium. Aiihydimis neutial thorium 
sulphate is sohdile in i<-e-water, hut on heating tlu“ solution evi'ii to tin- 
ordinary tenijicratuie it se|>afales m tlu' hydiated sparingly soluble <-ou- 
dition. (JJistiuctiou from the ions of alunmnum. heryilium, the yttiia earths, 
titanium, zireonium, and of the eeiia eai tlis (uji to hinlhaiium), tiu' hydrateil 
fiuljihati'S of w hieh dissolve w ith tlu' most dilheulty, after those of thorium.) 
This beliaviour of the thulium ion is \eiv imjioilant, ami may he used 
(prefmahly Ix'low 20 ) for its (|uantitative si'iiaiatioii fioiu the ions of tlie 
other earths. If liie salt is leeonveited hy healing lioin the hydrated into 
the anhydrous eoudition it is again soluhle in lei -water. (Jhstmction fioni 
titanate ion. Kniss and Nilson.) 

8 . If thoria is suspended in ■jKihi-'^ynnn itih solution and i.uhjei'ted 

to a eunent oichlorini it does not dissolve. (Distinetion fiom maiiyotliei 
eartlis, hut not from cmiiini oxide, which is <‘onvcited into eeiK; liydroxide 
and remums msoluhh'. Lawrenei* Smitli ) 

th Soihiini llno.siilj)h<il( ]ireei}»ilates fiom hoihng niaiiral or slightly 
acid solutKiiis ot thoiium salts a nii.vluii' of Ihonnin hijdio.ftdc oi' bmnr 
thwNiilplndi with sulphur. (Distmetion tiom tlu' ions of cena and yttiuv 
earths with the <'X<‘eption of seandiiiin.) 

10. rofassiiini Jirio<-i/anv(i pioduei s a whiU- pieeipilate m neutral and 
slightly acid solutions (a very sensitivi' leuetion m maitral solution). 

11. Polau-sitini nudi' (potassium hydronitrat('), KN.,, jueeipitates 
thorium hydroxuh’ (or hnsic fhoniini uta/c) fiom shglitly aeid solutions 
containing tlioiium ion (distinction ftoni the otluT trivalent ions of the 
earth metals of numazite), whilst liydromtrie acid esea}H‘S: 

Tir- 1-dN'^ 1 4HA) -TidOH), 1 4 HN 3 
€.<j. Th(K() 3)4 i 4 KN 3 I 4K.,() -Th(t)H)i i 4 IIN 3 j 4KN()3 

(14ennia and Kortriglit*' Dennis’). 'I'lns is a very ehuracteristic reaction 
‘ Ztiisih unoiprtn. VInvi.. 6. Ito ; Zcilsth. amd. Clmn,, 34. 82. 

* Ziiht/i. (inonjiin. Clmn., 13 , 112 ; Zidsi.li. amd. Chtin., 38 , 40 . 
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„f tiioruini. Aocoriliii" to Cuftiiia and Daraiwki (./. prakl. Olicm. {N.P.), 61, 
ll-> zirconmiii ii>ti is also nuaiititativoly iiri'iapitatud, uvcii in tlio 

cold, from a iiontial solnfson, and yttiium ion on lioilino. 

|o Iftdic wtil [nodlicc.s a ery.sftUIliu* invcipitato of lli^tniuil indalr in a 
nitric .u:id .solution containino liionimi ion. 'f'lio licst method of applyinji 
till- iciction is to acidifv d c c. of the solution under e.xaminaticm «iUi nitiie 
acid (free, livdroehloi !<• acid must not lie pre.seiit), and then to add f> e.c. 
of a soliilioii of l.'i onus of potassium lo.late m oli e.c. of nitric acid of 
sp. t'r. I'l and HKI c c. ol uatcr. 'I'iic lod.ates of other cartli mclals, winch 
aie soinelmies simull.iiieoiisly piccipitated, are rc-dissolved wlieii they 
aic l.oiled with Id c c. of a soliilion of 4 onus, of ]iotassiiim ipdate in 
Inn C.I of dilute iiitrie acid .mil 11)1) c c. of water, since they are all soluble 
Ml mine acid. 'Pile lemammo piecipitate must not disapjiear on the 
fui'lhei adililioii of the diliile potassium lod.ite solution. By this meann it 
1 , pos.,ihle to detcit llioiiuiil loll 111 a dillllioil of I : 111,0111). Zireoiilll 111 , 

..Ill, and tel i.n .dent ceiiiiiii behave III a similar nuiiiiier. but may 

casilv be distiiioinslicd, liic limt two by Hie ic.lclloiis iii .Sei s, f.’i and .bd. 
and the last by icdlicUoii with Sldpliili dioxide, altci wliicli it does not oive 
the u-:u timi. 

U i/iIkxi'II I>III>>I<I' jiir<i|iit.acs :\\\ llif llHniiiin lou iii the form of 
a while gelatinous [H'eeijiitiile of lliiiiiHiii ji'i'iii'/'' lii/ihiif'> es|M‘ei.illv ou 
lualiiitf. Iioiii ueuttal solutions, oi sii;:,lilly ti<'i(lilic‘l with sulpfiurie 

iieid, . 11 'from .soliilions .•niil aiiim.i' e\res^ of amimmmm eat honalc. (Distiue- 
tloii from the eeti.i eaillis; lit tiu' preseufe ol llio latter, hnwevi.-r, lh(5 
pivfiinl.lle uuaii.tlily eonlailis eelium.) 'I’lie pieiipilate IH snluhle III 
pieseiife n| a l.nue amouul ol siilphuiie aeid (Cle\e,' \V>iotd)olf ami 
\Ciiieud,“ Ihssaijewski 

Ik A eoneeiili aled selution ol '■■>><11 mu. Nall IM > j 2M / ).* 

[H'odui’e.'. Ill hoilm.ij; solutions ol llioiium sails in stioii^ li\'dioeldoi !'• .leid a 
llnri'iileiil jii eeipltat' - of tllf)l lUm h \ ])o|tllosj)liat<\ ( I )istmeliou tiom the ions 
of tile (iixah'iit. eailh iimtals ) 'I’llame aeid,eeiut lou, and /.lO'onmm mil 
\ ielfi*a|)|neeiaH|i“ jirei I [III ales. Imt. iui v eetiuiii stdl [ireseiit ma\ lt(‘ ledmed 
h\ ajnelimmaiv bodin'^, am! tlu' lilanieaenl (mnveiled by llie a,d(lilmii of 
lufiio^ieii peroxide lido yellow iiertikune aeul, wimdi does not ^ue the 
n ;«-iion. K<,r I In' separation ol /.ireoiiium. uliiefi is simidt.ineously tin own 
down, I lie pt'eei pit a t*‘ is luxited, w it li com < 'id i atei 1 siilplni i te ai i<l w it li I Ih^ 
‘iflditmn of sodium ndiatf', .uid tin' lesultiiiy, solution ol oi tlio[»lios]ihatea 
m siilpliuiie aeifl Itealed uitii oxidie acid, wlueli [>l eei pitat es onl\' tiiii 
Ihoi mtn oMdate. 

I") A solution ol fiiiii'iitr anif ii\ 4(1 per eeut aleolml preeipitntes fioiu 
a sf)luti<Mi of a thorium salt (lu bt ])ei' e(Mit. aleolml) llie whole of the 
IhoT'ium mil in the foiin of a salt of lumaiie acid. (IJistiiielioii tiom the 

‘ liiiil Sou. Chm., 43. 

^ ('onipK rear/, 126 , iUO. • 

' '/iiilsili. Hiioriiiiii ('linii., 31. 35'.). 

' I’repared as fiesenh.-d hy Sid/.rr. J»». '1. ('hua., 187, 322, or of Ro.senlioim 
••'ii.l I'ltiskci, Iki., 43, 2b03. ' 
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ions of the otliev earth metals ex(;cj)t zireomuin and erbium. Floyd 
jJ. Metzger. 

16. MtimnirohnizoK add •[uo(luc'('.s a white ]ir(*<ap!tat(' in a nentral 
aqueous solution of a tlionuni salt, 'rht- addition of a few e.e. of an aqiu'ous 
Bolution of aniline nietanitroben/.oate renders the jirecqutiition eomplete 
(A. Kolb and AlnU'-). (Distinction irom eeious, laiithanuni, anil didyiniuni 
ion-s but not from ceiic ion.) 

17. lAu’ the nw'ror.hrmif'ul ddvduni of thoiiuni, soi* Haiisliofiu’, Miho- 
skopischr Hnildioia n, p. 127 ; Behrens-Kley, Miborfu niiMdir JTinh/sr, 
3rd od., p. 111. 

' Bei'. 4f>. 

3. Zirconium, /r, bti ti. 

*■ 

1. Zirconium is a letravalent metal (sji. gr. 6 t) uhidi has not vl 
been jirepaied in an absolutely jnire eomlilion. It occurs as ziinnumii 
oxklCy ZrDjj’ i'l varying dcgiecs of piiriU m laige di po.sits in certain places, 
as bilicate in ziieon, ami in other nuncials containing the ri'st of the 
rare earths. In the amoiphous ioiin it is a black powder; in the ci yslalhnc 
condition it foims steel-gre\ .scales or bard brittle crystals with a nudalhe 
lustre. In the cr^.stallinc condition il doi^s not hum helou white heal, but 
in tlie amoi phous .state it bums liclow icd lu at, (unitting a bright light ami 
forming zmoimim oxide. It is hut little attacked l^^ acids, with tin- 
exception of aqua wqui ami liydiolliunic acid. It dissolves most readilv 
in hydrolluorie acid even wIk'ii <lilut(“. Concentrated suljiliuiic acid 
converts it iajiidl\ into a siilpliate soluhh- in water. 

2. 7iiH'a\itnm f/.f?</c*(znconia), ZrO.,, is a white poudei, which fuses at. 
about 270t> , and hcgnis to \ola1i!is(“ at about 3(KKC ; it is ineandi-scent 
when igniU‘d. It is msi>hihle in livdroehloiic acid, Init after being heated 
for soim* time with a mixture of 2 jiarts of sulpluuu* acid ami I })art of 
water dissolves on llic addition of water. Bolublc /.ircoinuiu salts arc also 
obtaincil by fusion witli sodium liydrogcn suljihatc, or with ])otai;siiiin 
hydrogen lluoruk'. 'I'Jie hi/dro.ndc resembles aluminium hydroxide'; when 
precipitated m the eold aixl still moist it is readily soluble, Init when pn * 
ci[)itated hot or dru'd it elissolves with dillieuUy in iiydioeliloric acid. In 
aceordanec with tlu' weakly clectro-posilivi! character of zireonium, the 
salts undergo jironouiiccd liydiolytic di.ssoeiation in arpieous solution. 
Hence the .solutions show an ai id loaetion. Crystallisation of tlic solutions 
invariably yiekls basic salts, of wliieh the oxychloride, ZrtX'lo [-BIImO, 1 “^ 
of especial importanee for the jireparation of pure zirconium, f’he tendency 
of zireonium to form eomjilexes is particularly noticeable in the case of the 
sulphaUy which, unlike the other salts (clilondo, nitrates, etc.), winch behave 
ill the normal manner, forms complex ions, so that in the clcetrolysis of 
solutions of zirconium sulphate the whole of tlie zireonium goes to the anode. 
The composition of the*j-esulting zirconium sulphuiic acids, some of which 
can be crystallised, is very vanabhx 'I’licy ha\e been studied in detail I'V 

^ J. Amer. i'hcna Soc., 24, iJOl. - ZctL^ch. ojujcw. Clian.y 18, 92. 
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Riu'i'‘ !in<l by ITauser and llorzfeld.® Tbn zirooimmi silicates of natural 
(.rrnimu'c can be decomposed by fusion with sodium hydroNido or soiUum 
( Mihoiiate. Tlio fusion is ctTocti'd at a t«‘in|H‘ratnre after intimato 

adiiHxtuu' of tfi<‘ silicat(‘ with 4 parts of the tlu\ On treating the fused 
mass With water, sodium sdie.ite is dissolved, leaving a sand dike resulue of 
Hodiiim '/neonate, wineli, when wasiied, is sohiiik' in h\ dioelilorie aeid. 
/in omum silicate is also decomposed very nsidily by fusion with potassium 
lofliog'ai llnoiid(‘, wil.li tlie formation of iiotassmm silicolluonde and 
pol.issium /irconium lluoridi*, K^^rL'y. /jirrouuiin rhlm iil(\ Zrtdj, may be 
olit,lined as a solid, \i lute, sublimable substance, soluble m watm'. by fusing 
/ireonia with eaibon and igniting the r(‘sulting zirooiiinm earlnde in a 
eiii'i'cnt ol elilorme. or hy t-reatmg zireonia for a considerable tiirut with 
rarhoi' tetiai liIond<' at aixmt IdO' (Demareay ‘)» ur by causing ehlorino 
eoiitainimtsulplnii cIiIoikIi' to act upon /.iieonia (Matigiion and Rounoi>^), 
Ztteonium elilond<‘ is solubk' m etluM-; m the presence of evi'ii a small 
amount of water it fot ms an ovyelikuidt' insohilile m watm*. V method of 
f,e|).iMting /ireoiiium fioni non ions has lieeii based on this pioporty. 'I'he 
sotiilion of the. eliloi ides is evaporated to ilryness, tlu-s n'siduo takisi up 
with absolute (‘lli<r. and tlu* solution hlterod. I'^■rlle ehloiide dissolvi"!, 
uliilst zirconium chloride is i('ll imdissolve<l (^^at(limvs, (Hum. Zr/ifmlhl, 
iH'I'.t 1.. r>:{). 

d. hii'Jnn-ulu, sixiiniUr ln/<lr<>Ki<l<\ and (tinm/nniDih 

ttiilpliiilr {neeipitale a wlnte lloeeiileiit hydioxidii from solutions of zireoiiiimi 
sails , it is insoluhle 111 excess of t he precipitant (distinct um from alinmnmm 
ami heiylhum tons) , it is also msohilih' m boiling ammoniiim ehlondo 
solutions (distinction troin beryllium ion), 'r.iriaiie a<nd jirevents the 
pn ei[)ita(ion hy alkalis and alkali sulphide, owing io the formation of a very 
stable eomph'x ai i<l with tlu' loimula lZrO(('jll ,tf(j)|ll 2 - A hasie tartrate 
lust separates from a eoneeiitr.ited tartaric acid solution, and on the 
addition of potassium liydroxule is converteil into the ]iotassium salt of 
tiu' eoinplf'x aeul and ilissolvea. This heha\ tour towaids tartaric acid 
nia\* he us(*d as a ineaiis of si'parating zireoiuutn from iron ions, smee tho 
lattm- are ]>r(s‘ij)italed hy ammonium snl})hide from a tartai ii- acid solution. 
'5’he hidiavioiir of the separateil zireonmm h\dioxuh's varus with tlie 
previous treatment; hydroxide iireeijutatcd in the e<.)ld is readily soluble^ 
whilst that preeipitati'd hot or wliieh has been jgniU'd dissolves with 
dillieully in dilute acids. Hydroxide, whieh has been treated (digested) 
with hydrochloric acid lan form a colloidal ])S(‘udo-solulion m cold 
water. 

4. 'Ihe (’(frl/oiudr.^ t>f jxthf.ssiu in munul iinuiumiiitn giailually jirodnco 
a white tlocculent prcoi[utate of basii- zitronium carhtmidc. It is solnhhi m 
a la'ge excess of potassium carbonate, mon* readily m potassium hydrogen 
earbonate, and very readily m amnumium iiaibonate sidiitions. (Distiiietion 

‘ Zi U'fcli. (iiwiydii. Chem , 42. K7 ; 46, ftt^ 

^ Mc^ycr and Hauser, Jhc /l/w/ys-e <l< r ■'flh im/i I'Wdeu., p. 114. 

•* (Unn.pt. mid., 104, ll.'k 

^ 138. Ii31 ; (Hu m.lZcvlndbl., 190t, I., lOolk 
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from alumiiiiuni ion.) On boiling Ihost; Holutioim golatinouH hydroxide 
HcjiaratoH. 

f). O.mlir. acid and tdiirminiiivi o.Kilatc produce a iiiu' ci vstallino precipi¬ 
tate of ziu'ovittm (nidalc in solutions ol £he normal aaltH wliieh contain tlic 
/.ireonium as ciition (nion‘ slowly when tlu* solution was nmd<* witli the aid 
of heat, and not at all in tlm casr of solutions of /irroiuum sulpliate or 
zirconium sulpiniiic ai-id). (1 tistiiu 1 ion fiom aluminium and beryllnim 
ion.) 'I’he ])ieci|nla1c is soluble in excess of oxalic acid solution, (“specially 
on in‘ating, and dissoKcs in lixdiochloiic acid and also m excess oi 
ammonium oxalate solution, even in the cold. (Distinction from tlioiium 
ion.) 'riie eom|)l(“\ compounds foinied with oxalnt acid or animonium 
oxalate are soim'what iiiom' stable than the coi res|ionding tlioiium com¬ 
pounds. Hence, no jirecipitate is f(.)inicd on adding acid to a solution 
proiliiccd by means of I'xcess of ammonium oxalati'. (Distinction from 
tlioiium ion ) Ammonia, on the other hand, precipitates the whole' of the 
zirconium ion as hxdioxulc fiom a. solution of tin* oxalati' in excess ol 
ammonium oxalat(' solution. 

d. A coneeiitrat(‘d sidutioii ol jiola.'.Minii ■snJfihah' lapidly pioduces a 
W'liiti* ]>r(‘eipitat«' of ■.nrniiiiim siilfiliali insoluble in excess of the 

jirecipitant. (Distinction fmm aluminium and heiyllmm ions ) 'I’liis eoin- 
})ound, wlu'ii pie( ipitali'd in the cold, is soinhie m a lavgi- amount of liydio- 
ehloric acid, hut w hen prei ipitaled fiom a hot. solution is almost insoluble 
in wati'r and iiydiochloi ic acid. (J)is( met loii fiom 1 horium and c(‘Mum ions ) 
Sodium sulphate and ammonium sulphati' do not jaoduec a jnecipitate. 

7. Hi/dn)Jh«>i ic arid does not piodm e a ]itcci])itatc. (Distim lion from 
tlie ions of thorium and of the (ei la aiul _x Hi la call hs.) 

8. i^i>dnini IhKi.siiJjifialr pu'cipitales (/u.mc zihohhihi llrKn-iilidialc oi a 

nnxtun' of h_\droxid<' and sulphurfrom hoihng solutions of zirconium salts. 
(Distinction fiom th(‘ ions of tiu' eei la and \ Hi la eai (h metals.) 'i’lu' ])ic- 
ei])itation taki's placi' on boiling the solution eontaimng only 1 ]>art of tlic 
salt in KHf paits of water (this is impoilant. in connection witii the (pianti- 
tative s('})aration of ccrous ion). * 

h. Siil]diiii diojfdc piccipitatcs zirionuim ion as hydioxidc from a vciy 
slightly acid solution of /iiconiiim chlornU' (not tlu“ snlpiiatc). 'I’lu' ]iic- 
cipitate can he r(‘adil\ hltered, and nfloids a suitable' nu an.s of separating 
zirconium from non ions (Baskcrvillc '). 

10. A coiiis'iitralcd solution of hi/dioc/ni -jino.iidr piccijutalcs fiom 
solutions of zirconium oxxchloiide the whole of Hu' zii'comum ion in the 
form of a w lute volumimuis h \ dialc of a fn to.i ah of the ajipioximalc com¬ 
position Zi(DH). 50-.:*^ '^dic same I'leeipitate is produced iiy hxdiogeii 
peroxide and animoma fiom solutions of the sulphate and nitiatc. It is 
insoluble in 1 i>er c('nf. sulphuric acid and iii dilute aci'tic acid. Jt is 
partially decoinjinscd when lioilcd w i! h acids ( Bailey). (Melliod of scpaiat- 
iiig zirconium ion fiom the ions of litanuim, luohiiim, iron, and aluminium, 
but not from thorium ioitv.) 

11. Zirconium ion is coiupleti'ly pK'cipitatcd as znearnmn tKvijivdaU 
’ J. Ainer. (Jhem. iSoc., 16, -175 ; {'hem. Zoiltalbl , 1801, 11., 209. 
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on atl<lmg an alkali lodaft’ to lUMilral oi’ sljghtly acid s’olutionH of a /.ivoonium 
salt Heat ])totnotcs the j)rcci])itation (Th. Davin, jun.)- The precipitate 
1- ()ni\ \ci\'^ H{)ant^gly soluble' in waU'r, »n ('\ccsh of the jaecijiitatin^ a^ent* 
atul III acids. (Method of s(‘paiatni<,v/iiccuniiin ion from aluiniiiium ion.) 

12. If the precijiitatc' of zircomuiii hydroxide produced l)y ammonia 

IS separated fiom tlie lilter and dis.solved in liot hyelrochloru* acid, the 
solution eva[)oiated iieaily to diyness on the waU-r-liatli, tlie residue taken 
up m a little watei, and llu' solution treated, drop by diop, with eonceu- 
tiated h\drix'ldoile aeid in th(' <'old, then' is jiroilueed an abimdunt pre- 
Mpitate ol ziHoininn oi ijrhlot ale (/iivonyl chloride), ZrOt'l, 1 (In 

llic ))res«‘nce <if insunieient ai i<i a gelatinous precijiitate may easdy bo 
otdaiiied ) 'I’he pieei|)itati' dissolves on hi'atnij^ tlu' iHjuid. hut separates 
ayain. on l oohno, in tlie form of sdken lu'i'dles. 'I’his is a ])aiticularly 
^ilalaeb'll^(l<' leaelion for zireonium ion (Kuer '}. , 

13. On addino znenmunr solution, dr<i]> by <lro]), to a boiling solution 
of >odium salies late, -.nrunuim ■'•‘alu i/la/t- is pT<‘( ipitati-d. (Distinction from 
lilaniiiui I)itt IK h .ind I’leund “.) 

M III fci loi i/ai‘iilr piodui'cs in iieulr-d solutions a white, and 

111 at id solutions a oi<'<‘nish-\ellow, pn'i-ipilate of '.itioiiiinn /< nori/aimlc. 
(No pie< ijiitute, Ol li.irdK an\, is ol>tamed with solutions of the sulpliati'.) 
(Di'.tiuetioii from ions ol llu' y tti la (‘art h nmlals ) 

IT). Wlien tin met le |>aper is dipped into solutions ol /.iieoinum salts 
>liL;htlv ai iditied with liydiorhionc or siilphuiic acid, and tlieii dried, it 
lireoiucs leddish-biow n. (J)istine(ion fiom tlie othei earths.) Jf titame 
.n id IS piesent, \(lu< h undei thi‘ same londilioiis gives a blown coloration 
tolunueiic papet, .\nd so masks llic ziieonium reaction, tlie acid solution 
IS tii.st, Incited with /.me III oi'dei to r('dnce the tetia\alcnt into trivalent 
titamum, tlu' soint mn ol w Incli do( s not alb'et tin nu'i le pais'i (Ihsani). 

Il> h'or till' lira lorlit iiiK III ill ti rfioii of /ncoinnm. see llansliofer, Mikro- 
■djijiioii, III i/liiiiiii II. p lot), and Hehreiis-Kley, Afilmi'liniii'n In .Dm/ysc, 
:hd ed , p. III. 

• 

Ski'. -1G 


4, Elements of the Yttria Earths. 

Scandium, ISc, 14 1; Ytlrium, V, SDO; Europium, Ku, 1.020; 
Terbium, Tl). 2; Gadolinium, (id, ir>7 3 ; Dysprosium, Dy, 1(>- .^>; 
Holmium, Ho. ]G3 d: Erbium, Hr, HiT 7 : Thulium Tu, KiH G; 
Ytterbium, Vb. 173 5; Lutetium, Lu, 1750 

The trivalent ('lements, gronjied togc'tlior under the collectivii name of 
^ ttiia ('aitlis," oeeu? as .silicates m tlie minerals gadoliinte (ytteiite) and 
I'milandite, as |)hosj)ha1es in xeiiotime, as niohates in fergusonite, and as 
niolaib's and tantalati's in euxeniti', yttroiantahte, and some other rare 
Mutirrals. In the case of the iniiu'rnls meiitiomtl they usually occur in 


Zcitsvli. anviyaii. Chon., 46, 'IGii. 


- Ibid., 56, 344. 
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greater preponderance than tlie otlicr rare earths also invariably present; ’ 
sinc^e they diHer chemically from the latter much more tlian they do from 
‘one anotlier, tlio original classilicatir)n, based upon their occurrence in 
common, of all the characteristic ran^^earths into yttria and ccria earths 
has been retained and is in gi'iicral use. In the yttria earth group yttrium 
is always present in tlie grcari'sl proportion, erbium coming next. Scandium 
is also relatively widely distnbuU'il, and has lectmtly been found in numerous 
minerals, notably in uolfniniile and tin ou s. Tlu^ rest of the yttna eartlia 
are all exceedingly rare, dysprosium being the least uncommon. Owing 
to their rarity and tin* great dillicully of prejiaring tln'tn in a jnire condition 
the individuality of the above-metilioned elements has not yet been 
determined beyond doulit Wlnlst the separation of eciia and yttria 
earths can only be efl’ecttMl l)y fr(‘<piently repeated frai'tional precipitation 
oriirystallisation. i.r. by jirocesses of a more luelimmary nature, the s(‘j)ara- 
tion of the imlividual yttria eartlis from ea<“1i other is quite impossible Itv 
the ordinary analytical methods. Although in their occurrence and 
chemical j)roperties certain gradational relationsliips corresponding to tlie 
atomic weights exist betwe<-n them, so that a distinction can be drawn 
bctwi'cn the sub-groiijis of the terbium earths (Eu, Od, Tb), the erlunm 
earths (l)y, Kr, Ho, 'I’u) and ytterbium eartlis {Yb, lai), it is not possibh*. 
withm the limits of tins book, to deal more fully witii the slight gi’adationa! 
dilTcrences between the dillerent elmuents, oi‘ to di'seribc tlie analytical 
behaviour of each induidual. We must, therefore, restrict ourselves to 
giving an outline of tlie la haviour of yttrium, and to eaJling attention to 
the places where the other yttria eaiths cause deviation from the ordinary 
analytical coursi?. 

1. YUrivjn, Y, like the other yttria earth metals, has not yet been 

prepared in a pure condition. In (he iin|)nre state it is a grey powder, 
which can be jiolisbed. lias a very high molting point, and bunis with a 
brilliant llann* to oxide. It inav l>e preparetl by tlu; t'lcctrolysis ot 
fused sodium yttrium ehlonde, or by the reduction of yttria with 
magnesium. ' 

2. YUriiirn o.uV/e, Y^O^, is white' in the jnire condition, but yellow wlicn 
mixed with the other yttria earths. The colour of the oxides and salts 
is an important cbaraeti'iistie for the dilTerentiation of the indivklual 
earths, bo that a disiinetion is drawn between coloured and colourless 
earths. Thus erbium oxid(‘ is pink, and its salts in solution are also diyp 
pink, whilst thoBo of cunqiiuin arc faint junk, thosi^ of holmium distinctly 
pink, and those of dysprosium and thulium are light green or bluish-green. 
The oxides and salts of the rest of the yttria earths arc colourless. When 
ignited in a Bunsen llanic yttrium oxide emits a bright white light, and 
erbium oxide a strong greenisli light, '.riie oxidefl are ciystalline at high 
temperature, and arc apjireeiably volatile at tlio temperature of the arc- 
light ; they arc almost insoluble in water, but all dissolve in dilute acids, 
rapidly or slowly accoriling to th(‘ previous treatment. The yttria earths 

* Some details as to the methods of decomposing the minerals are given 
on p. 188, (Elements of the cena earths, 1.) 
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.lie all baacs of medium atrength, and in this respect may be placed between 
the alkaline earth oxides and alumina. Yttrium is tlie most positive, and 
th(! otlici-s. HO far as has boon dutennined. then come in the following order 
. . eadolituum, terbiiiin, erbium, yi^terbium, . . . scandium. Thegrada* 
lion m the case of yttrium t-o scandium, in accordance witii their separate 
position in the periodic s>stem, is much greater tlian that iietwcon the other 
cleiiiuiils ; hence, si ambum sliosvs a far closi-r resemblance m its reactions 
with beiyIlium on the one liaiid and thorium on the otlier than do tho 
reinamder of the group. Tiie individual eartb metals separate in tlio order 
iriven above uiien fraetumally precipitated witli bases, or on ileeomposition 
of tlicir nitrates liy fusion, so that (ho most strongly basic yttrium is always 
pic( i|iilatc<l or dcc(nn]»osc(l last. I tssi-paration from (he others is •■(‘latively 
easy, owing to the faet that it Ix-eoiiu's coueentrated in tho last fractions. 
Only III the case of lerbinm is a hmlier oxidi^ (Tb/ty) known with certainty ; 
it. IS Mark and. owing to it.s exeeetlmglv intimsc colouring power, produces 
(he (-liaiacleristK- \cilo\v color.itioii of the terbium eartlis, (wen when present 
III oiiK a nunut<‘ ijiiaiitify. 

4’Ik- with tlie (‘xei'ption of those of scandium, only undergo 

slic;lit oi vei'v sliizlit hydrolytic dissociation in aipu'ous solution ; the yttria 
eaiths lotm neutral salts evi-n with weak luads. 'fh<‘ timdency to form 
coinplex salts is inueli smallej’ tlian lu the ease of thorium ami zirconium, 
blit ui'eatrr than in (bat of the ceria earths. 1'ii(‘ grc'ater solululitv of the 
tioubje Hulpiiates is of especial impoitatice for tlu5 sepaiation of tlic yttria 
ciutlis fiom till* eci'ia ('aiths. 'I'he elilorides erystallisi' with ; at 

I20 they are convcrit'd into insolubk* oxveliiorides, ; they may be 

'listingiiislu'd fiom th(“ ciiloridi's of tluj ceria earth uudals liy their much 
gnatci solululity in pyndiiu* (doubtless with the formation of iloublc 
compounds). 'I'Jie anhydrous elilorides (YCJ;,) ar<^ only very slightlv 
volatile, yttrium cliloiidc and siaiidmm ehloridi' being the most volatile. 
(Distinction from aluinmium, beiyilium, and zirconium eliloiuics.) 

4. Aiiunoiiia, soihinn hi/droi tdf, po/u.ssv ///a hi/droj id/>, and umuu>uium 
’^idpkuic precipitate a. white li^droxide insolulilc in excess of tin? pre- 
< ipitant. (Distinction fiom alunmiium and iHayllmm ions.) The addition of 
(ai taric a<‘iil,cjtilc aenband othei liydro.xyl aeifls, j^naenls the jueeipitation 
"f iiydroxidc, but ainmoma j)roduccs a white lloeciik'iil. jirecipil^ite of an 
'iiiiinoniuin double tortiate in tait<ivi<‘ acid solutions, even m tlie cold, 
botiissiuiii Iiydroxidc ]iro<luces a ('oriesponding precipitate in boiling 
tiutaiK- aeiil solutions. (('liuractenstic ibslmetioii from the ions of 
-‘luiniiiiuiu, beryllium, zinoniiim, tlionurn, the ceria earth metals, and, 
'icconiing to some auLlionties (v. Pamiyell), also from erbium ion.) Sodium 
h.\dioxide, however, does not produce a j)reci})itato evim m the ease of the 
yltria earth metals. 'J’he liydroxides ])recij)itated from hot solutions aie 
gelatinous and can be ea.sily filtered, wdiilst those precipitated in the cold 
'^re slimy and ditbcult to wash; the hydroxides of yttrium and erbium 
attract carbon dioxide readily from the air. » 

•>. Alkali carlxmaks give a precipitate of white yttrium carbonate, the 
vaibonatcs of tho coloured " eartlis bcaiig correspondingly coloured ; the 
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loss |)ORitivc members also form basic earbormtes. The j)reei|)itato<l 
carbonat(!« re-dissolve on the addition of an (‘xcess of alkali earbonato, 
double earl)onales beiiiy forine<l in tlie process. Double earlionates eon. 
tainin^ water of eryKtalliHatuai ery«tal|^s(‘ after standinji for some time fioin 
coneeiitrated .solutions, esjieeially in the eas(‘ of ytlniim, but mil in that of 
tTbium, but tlieir soliiliility is eoiisjclerably ^neater than that of tb(‘ eoiio. 
BjiondiMjf ceiia eaitli earbonales, from which they can be ([Uaii1itali\cl\ 
sepaialed liy dissolviiifi tlu'm lo|;ether in < <uk (‘iitraii'd potassiiim earbonatr 
.solution and diluting: the- iKpiid with water, which causes the eiTia eailli 
eorbonatc's to jireeijutale. ^'ttnum earbonale i.s more soluble in ])otafisiuiti 
hydioi^t'!! eatbonate and ammonium eaibonate solutions Ilian in ]io1assunii 
earlionhte solution (Init not nearly so soluble as t he corresjiondinji IxMylliuni 
precipitate'}. 'I’he .ininionium eailionati- solution of th(‘ jaiu' bydioxido 
dc^iosjts all the ytliia on Imilinj.;. but il ammonnim ehloiide is also jnesent 
it is deeoniposi'd, on fuitlu'r iiealin^, with the lilxuation of ammonia, aiu! 
the yttria is re-dissolved as ylliiiim ion. 

C. (Krahc arid and auntaaiuun o.uthil< picxlnee at Hist an amoijdioiH. 
caseous preeijutab*, which lapidly becomes ci \s(nllim‘, < sj)e<'iall\ on lieat m<i. 
it has llu‘ general composition with, as a rule, lOJh.O. Tin 

precipitate is almost msolulile in water ami oxalic a< id solution, dissolves 
with dillieulty in nnneial acids, and with <in‘at diilieultv in exci'ss of oxalic 
acid solution. {MttM itti/i<nlaiil <hsliiich<>ii oj (}u ■irlidh (jioiijt of ran- •ailh ions 
(with the ('Xci'jition of '/.iicoinum ion) fi<nii alinirnnuin 'ion, Im i/l/'itnn k n. 
etc.) Jn the ease of the lare eailhs llie suliibdilv of tiu' oxalates of the 
yltria earths is, as a nil(‘, giealcr than that of 11 h“ eciia i-aiIh oxalalis ; alsi* 
when boiled with eonei'idiatetl olloli o.xdair Solution the x'tliia eaith 
oxalates, espec'ially scaiKliuin o.xalati'. dissolvi* more ieadil \. fonniny ilonlh' 
oxalati's, but on diluting ami cooling the solid ion there is usually < oinpiclc 
]neei))itation. (])istinet|on from thoiiinn ion ) 

7. PotaMiinii ■''iiljiltah docs not lorin a ]>rc( i])ital(‘. since ■yttriniii 
potassium .sulphate is readilx .soluhh' iii watei and in jiolassmm sulpliate 
solution. (Distinction from the ions of llionnm,/ueotmnn, and thee-cii.i 
earth imdals.) As K'gards tlu' gnaip of xttria earths, the double sulpliads 
of the tt'ibia eartb metals aie. with liu' i xei'ption of the very sjiaringU 
soluble scandium double .sulphates, the least sohibh*; thc \ omipy an 
interimaliatc jxisdion lictwix-n llic cciia caillis and the otlier yttiia eailhs. 
WluMi fractional eisstallisation is usc<l lor lIu' eoni]>h‘t(‘ se[).ara1ion of the 
latter, tlu- terhium double sulphates lemain, foi the umst pail, with those 
of the eena earths. 

8. fiodiitiii thxotiidphaif doi's nol form a jireeijutate, except in the case of 
scandium. (Distimdioii from aliiiniiiiuin, thonuin, and titaiiate ions ) 

0. Hi/dnJli(oric arid precijatates lluoi ides. (Disl tnetion from aluminium, 
beryllium, zirconium, and titanate ions.) 'Die pieeipdate is gelatinous, 
insoluble iii water and bydrolluoiic ac id ; befoul ignition it is soluble in 
mineral ueids, the seainliuni pree(])itatc‘ being also very sparingly soluble 
in concentialed hydroehloru- acid, but after ignition it is only decomposed 
by concentrated sulpliuric acid, yeandiuiii lluoride (like zirconium 
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iltiotnlc) forms jvadily soluble tlouble salts. (JJisliticlion from the rest of 
(he laie L'artli tluorules.) 

}(). Ui/(ho<j<'/i }n)ojii}e }>r(*tlncc‘H in alkaline solutions i;('latmous ■ 
\riv unstable )>ieci|)itateH of p<M'Uy(lroxi<l<'s of tli<' ^emuai formula 
/,M<) < >11 )(()ll) .• (Distiiu'tion from thoi'ium ami zneonium ions, which are 
,i1mi jiieeijiitateil ironi neiitial and slit^lltly acid solutions.) 

11. lidiitnii t firhoniili does not foi m a jnecipitate m tlio cold, and only 
,ui iii<<iinpleti‘one on lioilin^. (Distinction fiorn tlu“ ions of aluminium, 
thorium. <‘einim, lanthanum, and didymtuin.) 

llV Till till nr IS not chnny<‘d in colour by acidilKMl solutions of the stdis. 
(|)l^lmelion fioin /in-onium ion.) 

l.'k huhr iind does not produce a ])re< i]>itate msolubh' in mtiu^ acul. 
(l)i'-linc(ion IVotn thornini ion.) 

14 Soiliinn siihjihosiihntr does noi lorin a |ne<-ipilat<- in stionj.; iiydro- 
etiloiie acid solutions. {(m|)oitant distmelion hom tlionum ion) 

l.'i 'I'lie \prrh-iin-(>i)ir In hitnuiii ot (lu- yttiia iMrlhs is partieulaily im- 
poitaiit Spei-liose<)[ue analNsis alhnd^ the only means of c-ontiulhng the 
|no:.u('.ss of fiaetional separatum, ami of diauiiiii tiustwoithy <-onelusions 
.iri In (he jm'setiee oi absenee ol eeitaiii elements. TIm‘ eolouied " eaitlis 
li.ue \er\ lull and nl)solu(<‘l\ chaiaeteiislie absorption speetia. t>f which 
oiil\ till' nia\una ot the espeeialK i haiaetei ist u‘ b.ouls m tin- \ isible pari, 
of till speetr.v ol erbium and dNS|nosiuin are ni \ eti hei e ’I'hese aie bbll, rjlill, 
4S7, h'ti, and II-/'/' loi eibinni, and To!!, 175. 1')! b, and 127‘bp/t foi 
dv^piosnini. Solutions of \llrium .s.dts show no alisoi jituni bands. 

No des( nption f .in be yiven iu'ie ot (lie distmetivi* lines at tlu' ('.xtieim^ 
end oi the nre-h;'ht spietia, wIneJt are \ery numeious am! cliaiaeteiistic 
III till- case ol most of tlie «-lements in (piestion. h'ull details will be found 
III th(‘ woik of Me\ei and l!aus« r, as also m llm text-books nu'iitioned 
abo\ 1 “ (p pn) 

Mi W'hen heated with honn oi- iifin.siihulc eitlni m the iimei or outi'r 
llanie t he \ tl rmin eai t h t oniponmls > ield laauls w Inch auM h ar and colour* 
l<ss litiiii uiiih' iiot and cold. (Distinetioii fioin eeiium and ilidwiiium.) 

IT l•'o| the nun i>r!ii mind rhlnium of the \t(iia eaitlis, set' Haushofer, 

Mdiiisl-DpnrIir Jfnikiloiini^ ]> I IS ; Ikdirens-Kley. Mihiirln misi hr 

l/a////,sc. Ibd (•(!., p. 122 (also Jin-. Inir. rhim. Pm/.s lUi", 23, 413; ('linn. 

'/■> nindhl., MH)r>, 1 . tl.bp, wlu'H' the author desmibe.s the liehavioni of the 
\ttinim salts of oryanie acids) I’o/./i-Dseot and H. ('oiupiet {dompt. 

" ii'l . 130, 113(>; ('In m. Zi nlndhl., ItKitl. 1., 1IDP). leeommeml )>reci[)itation 
‘ hioinale loi the niieroi liemieal detection. 

Skc. 17. 

Elements oi the Ceria Earths. 

Lanthanum, La, IdP t); Cerium, Co, 140-25; Praseodymium, Mr, I40 P; 
Neodymium, Md., 144-3; Samarium.^ Sa, 150 4. 

With the exe<'|)lion of (ri- and tetiavnienl. cerium, all the tiivaleiit 
‘-I' lnentH m the grou]) ol the ceiia earths oecui (unlike the yttiia eartlm) 
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only in very small qiniTitilies in tho minerals immiionod in tlie preceding' 
eoetiona, but, on ll)c otlu'r hand, tiu'y are presisil in preponderating ainonnt 
(08 compared with tlie vttiia eartlts) as silieales in eeriU* and orihltc, as 
phosphatcH in innnazite, as nuihates ,aiid tanlalates in aschynite, and as 
fluorides in (luoeeiite, os also in a hi'ik's of still rarer nnnei'als of similar 
composition. 'Dio most eonnnoii and most imjiortant element is cerium; 
the other inemheis of the group are also not so raie, and are thercfoic bctlci 
known than the majority of thi^ yttria (‘arths. We, therefore, descrihe 
their reaetions scjiarati'ly m tlie following iiagcs, and here make only a few- 
general introductory obsi i vationa. 

1. The dccoi/ipos-illofi of all the iniiuTala containing the rare earths is 
elTeeU'd most ecutainly by tn-atment with coneentrab'd, nearly boiling 
Bulphurie acid. 'I'lie silicate mmeials (eente, ortlute, gadolimtc), liowever, 
lij^c other silieati's. can be more simply det.omposed by repeateil evaporation 
to dryness with eoneeiitiatcd hydroeliloile. acid. I’hospliatos (niomizite, 
xenotimc, etc.), the dis-ompositioii of wliieh cannot be eileeted by means of 
hydroeblonc acid, are decomposed with coneentraU'd sulphuric acid, the 
excess of w’hich is linally evajiorated, and tlic still moist mass is grailiially 
introduced into icc-watcr and ilissolvml. 

'J’he Idulfdotf s, and lilinxitrs (fergusonito. euxenite, icschynite, 

<“lc.), arc best deeomjjosed by fusing tliem at a reil-beat for a considm-ahlr 
tune in the lincly ]>owdeied eiuulition with live to six limes their quantity 
of .sodium In.'.iiljiliah, the mass being eooU'd from tiim* to time and treated 
with a few diops of C()ne<nttati‘d siiljihiine aeid t(j t(‘phi('e tliat wliieb has 
escaped. On cNlracting the fii.sed mass with water moliic acid and tantahe 
acid separate'. 

HydrolUioric acid is also a \<'iy suitable disintegratin': agent, since it 
elTects the dccomiiosition of tiu' mmeials in question (with the exception 
of iiiobitc and lantalil(') without the aid of i xternal hi'iit, in whieli process 
the earth acids arc dissolved, whilst the eaitli melals aie left as inaoluhle 
lliiorides. 

2. Miliils. n’hese (an 1 k‘ prepared by cleetiolysis of the fused cldaikh s 
or llnoridcs- tliey are w hite or of a slightly yellow ish colour, and arc faiiiy 
stable in the air. H’lieir s]>('(itie gravity ranges from O-lf) (lanthanum) to 
7*7 (samarium), that of eenum being 7 Of Tbe_y have' the following melting 
points: (’<‘rmm, 023’: lantliamiin, 810’; neodymium, 8-fO^; praseo¬ 
dymium, 040' ; and Ramaiuiin about 1300" to 1400’. 'rhoy aio good 
reducing agents ; the metallic inixtiuv olitaiiicd by electroly-sis is thevefoic 
frequently used for leduetions instead of melalhe magnesium; metallic 
cerium produces abundant sjiarks when siniek with steel ; all the metals 
burn, emitting a brilliant light. 4')iey deeomposi' \\ater, with the evolution 
of hydrogen, and aie readilv soluhh' in ai-ids. 'i'hey form liyilrides, nitridi'S, 
and carbides. 

3. (hide.'i. ITu' natnial mixture' of ccria (*artli8 as obtained, c.g. by- 
ignition of the oxalatC'K', is of a brow nish-red colour, and presumably con¬ 
sists of a salt-like compound of tlu' rest of tlio oxides with ceric oxide acting 
as an acid. The oxides only become crystalliiu' at high Wnipcraturi's ; at 
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vet'V Ingli totiiprialuii s {arc light) they arc womewhat volatile. The mixture 
)«; soluble in acids, (*von after ignition, provided that it doc's not contain 
nion- tlinn 40 to 50 jicr (“cnt. of ceric oxide. As a mb', tlie solution in acids 
takes ])laeo more ra])idly than in tho4-ase of the yttiia carllis, hut here, loo. 
till* natuie of th(“ pu’v ions treatinent is a ile<-isive factor. 'I’he ccria earths 
iiK' strong liases, and iiheiaU' ammonia from ainmonmm salts, even in the 
cold. Lantliiunim is ajiproximalely cijual to eali inin m hiusieity, and tlie 
(itliei niemliers of tlu’ gioii)) follow m tins oidei-; 4’nvaknt eeriuin, 
jn;iser)d\ninim. lieodymimn, and Siinuunnn. 'I'etravaleiit emuim lias an 
iimi'liotciic eharaeler. and as ri'eards its basicity eoiiK s hetween /ircoimim 
find tlioiium. in aeeordanee with its ]><'sition m tin* system. 

•t -SV///.-. With the exemption of the eeiio salts, tlu-so nndeigO* little, 
il .mv. li\di<jl\tie di.ssoeiiilion ; the normal eaiboiiati'S ami the salts of 
ol )irr weak acids nuu be easily |)iej)ar(“d. '1 he eokmi.S of the sails, wliieli a./'e 
otleii (liaia' tensile, aie gi\ ( ii in the (h senptum of the individual leaetions. 
’I'lirK* IS no jnonouiiei'd teiuleiiev to toim complex salts. 

The (iiloiules er\.sltdii'^e witli bll.,(>, with the e\<eption of prasi-o- 
il\iiinim eliloniltx wlm li lias TILO. \\ lieu heal<‘d to 12h they form 
in'.ohilile owciilondes (//(K'l). TJiey show only ii slight t<-ndetuy towards 
the foimation of dniihle salts, willi the exception t>f the easily prepared 
double elihn ides with eei tain lieav y metals (I't. .\u, l>i. Sh. Sn). 'I'lie almost. 
i!oii-\olatile anhydious ehloruh' may he ^nepaied liy «le!iydiat(oti m a 
<111 j( III of liydiogeii eli]und(% by lieatmg the t)Mtles m a <-ui lent, of eJiloi me 
eniitaimiig sulphur eliIoi'id(“, or by lu-alnieiit. witlieaihuu letiaeliloiide, 
in phosgene, vapour. ('o('K. 'I’lieir mi lling ])uints ileei east', w Inist I heir 
.siteeilit' giavities mi n asi' from lanthanum to samaiimn The <l(uih(f 
nihttlis ol Die eeiia earth metals with mono- and dnalent metals, i(nlik<‘ 
IhoM' ot the xttii.i earth metals, can he er\slallised fioin water without 
(leeoniposttion at tlie oidmary h'lujieiatnre, ami aii' lieipiently used for 
hacliomd eryslallisiitions fioin mine aeni or lu'iitial solutions. The 
aiiiinoniuin donbK' ml laU'S, /i'{X< > X 11 ,d\t t H ,1) form laige t ablets ; 
like ^lie magnosimn lionble nitrates 2/i'(X( )j) ((1 h and the 
||'•mgane,se double mtiales, tliev aie used foi the st'pniatioii of tlie metals. 

I he stability and msolnhihly of these salts de< reases m (In' order of th(^ 
hasieity from lanthanum to sainaiiiim. Tin* simjile nitrates (wliich always 
eoatain tiffoO), unlike the c<irres))ondmg niliates of the yttria cailh nu'tals, 
deioin[)os(‘ w'lu'ii lieati'd into hasu; mtrati'S msofuble in water. On further 
he-iting inon^ stmngly basic insoluble'salts, ami tdtimalely tlie o.x'ides, are 
olilaineil, wliieh is also thi' ease witii tlie >ttiia earth eoinpoiimls 'I’iie 
I'iiijic'raluies of dec oinjHisitioii \aiy m aeeoidanec' with tlie basicity, so 
tiiat tiu' lanllianum compounds arc Uie most stable 

Tlie hc'haviour of t lie f^iflphiilry is esj>eetally impoi taut and eharaelei ist ie. 
ttn liealmg cena ('arth metals or their Jiydroxides, eaibonatc'S, etc , with 
i'lilphiiric acid, the solutionfj yield erystals of sparingly soluble sulphatc.s 
with w'atcr of crystallisation dejH'iidmg on the tc'inj't'iature {usually 12, 8, or 
411,0). Tlie sulphates liced from water of crystallisation by lu'atmg at 
4<*0'^ to 5tM)' foim strongly supersaturated solutions in iee-water, winch 
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when heated yield cryst.ala of the «alts containing water of crystallisatiim, 
the Holnhility of winch decroasca witli the incrcaHc of tcMiijicralnrc. TIum' 
chara(;toriKtics of the HulphaU'S are niad<‘ use of both for tin? acparation of 
tlic whole j'i'oup of the ctn’ia and yttiva earth metala (which in tliia respert 
beliavt! ill a very aitiiilar inannei) from oilier elements, and also for the 
separation of the individual earths from one another ; a dilheiilty in con¬ 
nection with tin* proci*ss is tin* oreiit tendency towaids the formation of 
Hiijiersalurateil solutions and me1a-stahlo])hases. On lieatin^ the sulphates 
to about I (>()() '( \ liasic suljiliatcs aic fornn'd, ainl tin'si* can be <h*(*ompos< rl 
into oxnles by ignition, whicli m tin* ease of those meml)(*rs of the groiijj 
wliich decompose with most ditlieiilty and are most strongly basic rc<|uni' 
long exjiosuic to a white In'at. 'I’ln* \(‘ry slight soluhiiity ot the alkali 
double Hulpliates m eoin-entratcd alkali sidphato solution is also of impoit- 
ayee for tin* si*]>dtution of the \tlna. eaillis. 'rin* sulpbates and double 
sulpliates an* soluble m a coin'eiilrated solution of ammonium acetali'; 
when boiled with a eonet ntrateil solution of sodium h\di'o\id(' oi of oxalu 
acid they yield the bydi<)\nles or oxalates i(“S|)e< tively. 

'I’he i'urliDiinU'-. form doiibh* carbonates, wliieli aie only v<*iy sparniL'lv 
Holuble in eoneentrattd alkali eaibonale solution. 'I'lu'V an*, bowevei. 
niucli more soluble* in potassium eaibonaU* solution than in sodium or 
amuKenium earbomite solutions, ainl on tin* addition of wat^'r to tlnir 
solutions ai(‘ pre»i|>itat<‘(l m tin* follow itig older: lanibanuin, juaseo- 
dyminm, eennm, in-odvininm. (J>istmetion fiom the ytlria laitli metals, 
the double* e*atbonate*s eef wbidi aie* more* seiluble* ) 

I’ln* o.efi/a/( s are*. ])racti<*nlly iiiNoluble m o\aln* ai-ni seilutioii ; m mnn ial 
ae'iels they an* sligbtlv soluble* to iin e‘\Le*iil ineie'eismg with llu*ii‘ basiejt\ 
(A/o.s7 nni>(trUfii( <lis(iii<iinii Jnr I he irholr (jioup <J nii'f >nitlis, irillt I/if i .in filn-n 
oi zirnmiinn, from (iliinniuiim, li> rijl/iiiiii, ilf.) V\ itli alkali oxalates tiny 
form double* oxalates, wbieli eue* sonie*wjiat se)luble on beating, but aie* 
conipIi‘te“ly ])reeipitate*el in the eohk (Distinetnm from thoiium.) 

For the minochi'minil i/ilcthoii of tin* (.lilTe*re“nt ce*!la earth metiils, see* 
Hau8hofi*r, MA'ioak'opiM'/ir liinldnoK n, p. 10, and lh‘bieiis-Kley. ^6lklo■ 
chanisrhf .liinhj.-^r. drel eel., p|i 12S. KlO ; I’eey./i-Fse eitand 11. hb (Vniejiict, 
Cojiipf. Aoe/., 130, 11 ih); ^'ill m. ZnilKiHd y ItitM), I , 1109. 


Sko bS. 

5. Cerium, (V. 1 lo iib. 

1. Cerium IS the only (‘lenient eif the* laie* eaiths wbieli is not enily 
trivalenit, but also occurs m the tetia\ah'nt e eiiulitleni. Hence it forms two 
Beries of oompouinis. e<*rous (onipomnls de rived from eerous oxide, wbieli 
can only bo jiri'pared l>y teeluemg ceric oxide witli metallic calcium, and 
ceric compounds, which eorrewpoinl to eerie oxide, (>0;^. The oxido 
oldained hy igniting lhe*jlatt(*r or ee-in* e*aii)onale* or oxalate* in a eurre*nt of 
hvdrogen lias a (‘oinpositnm eoiie*spoinlmg lo tin* lorninla (^* 407 ; d- 
rapidly absorbs oxygen on exposure to the air. and is conve'ited into cone 
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ukkI'N ith the o\'«)hiti<)?i of heat. The eci oiH salts are white or colourlo.ss, 
aii'l some, are soluhlc in water. 'Phe snlutions are colourle.ss, have a swts't 
la'.((‘, aixi shov' no ohsorpiion r!/ir>n (see 12). 

2. rol(t^''<i'nii and .•irMliiirn hi/dn^mif and also nnunonin produce, in 
u'ue of (ei'ons salts a w lute, gelatinous proeipilatc of a toits lu/tlroxtdv, 
wlihli. '‘'lien exjiosed to the air, ahsorhs oxygen au«l becomes lirst redilish- 
\nilrl .ind tlien pui’* yi lPiw. It iloes not dis.sol\’e in iweeas of tlic precipi¬ 
tant (Distinction fioMi iihiininiuMi and beryllium ton.) 'I’aitane and other 
Ii\.lio\\lafod acids inhibit the pnaipitation owing t-o the formation of 
Miluhle <-oin|ile\cs. (J)isltiielion from the loiis of tlie yttria (‘arth metals.) 

Jlk'ih aiihoioth' and otinnouiKnt corhonotf j)r(H-i[>itaU‘ while- eerous 
( ai lioiiato. \siii( h IS at tiisl amoi phous, hut gradually iiec'omes I'ly.slalline ; 
tin- double salts formeil in eoii<-entiate<l holiitioiis of the prempitant are 
oiiK \ci.\ spaiihgiy sitluble ; they ate most soliililc iii potassium earbonaJ.o 
solution. Uarmin caihonate is only very slowly jireeipitaled, if at all, m 
llic (ohl, but is eom|>Iel<‘|y prenpitaled from hot solutions. 

t Oxiltr <■■( k! piecipilales white r< rous o)-aliit<\ which is aimuphou.s at 
lits(, but gi.idiialK b«i<inics i-iystalline. The pieeipitalioii is compli'te, 
<\fn tiom iiuxleraloly arid solutions. (Distiiwtion from aluminium and 
hii\l!imii ions.) 'Phe puM-ipitate ilocs not dissolvt' in oxalic aiul solution 
((hslitulion ftom /ircoiiiiim ion), lait is soluhlc m a \<‘rv large exce.ss of 
h\(lioi liloric aud and to some extent in a lioilmg c(uic<“ntiat(‘d solution 
of aiiiiiioinum ov.datc. although it scparat(‘s again almost completely on 
<hintiiig and cooling the .solution. {I )ist]iiction from lluu mm ion.) 

5. A salinated s(tlntion of jid/os.sinni .'-nlphnU piodticcs, cvc'ii lu some- 
wli.it acid solutions, a picupilate of irtdii‘< ji(if(f'--'iinii •oilpluiU' (distinction 
I loin aliimiiiium and I)ct \ Ilium ions), which dis.so(\ » s w itli diflu ullv m cold 
w.itci, moie rcadil\ in hot water (Balir), and is piactically insoluble in a 
s.itiii.ktcd soliiluai of |)olassmm siiljihalc. ( Distnu tion fiom ytii mm ion.) 
The juecipitalc (iissoI\ cs w hen lioili il w ilh a laige amount of water acidilicd 
w ith !i_\di()( liloi le iicid 

♦ Soiliiiiii lliio.'nilplioh does not jiioduee a precipitate in boiling solutions 
el <crous salts. e\en when \erv eonccntiated. 'Phe precipilatctl siilpimr 
(.lines (low n oiiK minute (plant ities ol 1 he salt. 

7. Jh/dnijli/oi'ic ttrnl pioduces a wlii((' pi'ccijiitate of nioii.s /hiondc 
will' h If. slimy at hist; it is msolulih' in (‘xcess of Die piei ipitant. 

^ Oiidfsi/hj (Kjnd-s eoiiM'it (cious compounds into the coiiespoiiding 
"'!< < tini]n>i{iid.-< t h(‘ leailioiis ai(‘ eharaelei isl le, siiui' tliey (list ingiiisli 
'eiiimi fioni all llu^ other rar(‘ eaiths, and are associated witli easily 
niogmsabJe elianges of eoloiir, wliieli ,ai(‘ of espia-ial inijiortanee for the 
<lef(.( turn of the ion. 

(e) Pi r-sidyhalcs. ydinwiitni ixo wongiinoh', alhdi ligpovldonteff, rhhnnr, 
and hionnuc, in idktdmr solutions gradually eonxaat tlie eerous liydioxide 
Inst prceij)itat(“d into //dlow lyrir }ii/dro.ndt\ whilst )nldi.''ft-nol(( r<ru-rini‘ 
^I'l'hondr.'. arc foiiii(‘d as intermediate stages; o! ^losphi t o oxipji n acts in 
th(‘ same way, but more slow ly (s(‘e 2). 

Ilgdro(j(n 'pcw.i.id< added to a cold ikuIkiI or arul solution eontaming 
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ceric ions produces, on the addition of ammonia, a reddish-brown precipiUlo 
of cenvm pcrtiydroxule, which, according to Pisserjewski,^ has the formula : 
Ce(O.OH){OH) 3 . On boiling the liquid ceric hydroxide is produced in a 
readily soluble form, whilst direct oxid/ition in a hot solution produces cero- 
eerie hydroxido, which dissolves witli di/hciilty. Tn this form the reaction 
is very sensitive. AJinute traces of ccriuni may also be dctcctcjd in 
of tlic carlh'i by means of this test, tf dilute ammonia solution is ad<Ud, (liop 
by drop, until a slight precipitate of hydro.xidc remains after shaking ; thr 
more weakly basic eeiic liydroxuh; is eoneentratc'd in this. Earth inetaE 
free from ccriuni give a bluish precipitate; a large amount cd iron makes 
the reaction v(‘ry uncertain. The addition of liydrogen pc^roxidc to a cold 
sodiunt or magnesium acetate solution eontaining eerous ions and siihse- 
quent boiling jjroduces an analogous ellcct, a j’cliow basic ceric acedate 
bi^ng iinally forintsl (It..). Meyer and ivoss).- When a solution containing 
eerous ions is ponied into a concentrated sululioii of rarbonutc, 

the liquul becomes dec'p red, Hlov\ly on e.\j)osure to tlic air, and mon' 
rapidly wIk'ii shaki'ii or wlien a current of air or oxygen is introducc‘d, owmg 
to the formation of a cerium [leroxide compound, from which, on boiling 
the solution, or shaking it with a reducing agent {c.g arsenions acid), corn- 
hydroxide is produced. 

(b) The ('e**'* ions arc very unstable in acid solutions, wbicb rendeis 
the oxidation more ditlieiilt. 'J’hc formation of ions <-au always he 
recognised by the solution becoming yellow ; sucli eoloiation is also {)i()- 
dueod at tir.st on the addition of hydrogen iiiTo.xuh-, but disappciiis jigaiii, 
owing to the reeqirooal rediieing action of the icsnltiiig eerie ujiis ami tiic 
hydrogen peroxide upon (‘aeh other. 

Potassium and ammonium persulphate elleet complete oxidation in 
sulphuric acid solution, provided that the solution is not so acid that 
hydrogen peroxide is piodueed, since in acid solution this has a leducing 
action; cliloiides also lut\(' a distinbing intlueiice. since they reduce eerie 
compounds, witJi th(5 liberation of chlorine. 

On evaporating solutions of eiu ous salts with nifnr and pai tial oxuhAlion 
takes place with the jiroduetion of a yellow coloration. If tlie lesulting 
eerie ions aixi eliminated by the addition of alkali nilrati*, whereby complex 
compounds of the type yi'X'eiNOa)^ are produced, or by the addition of such 
anions (c.y. lodie acid) as lead to the formation of sparingly soluble salts, 
the oxidation can be made fairly far-ieaidiing. 

Gibbs' reaction, which was formerly freipiently used, is also based iqion 
oxidation in nitric ar id solution. Wlnui a ceroiis salt is dissolved in niln<; 
acid, and the solution diluted with an equal volume of water and boiIe<l 
for some minutes with a small amount of had pcnoiV/e, the liquid becomes 
yellow, oven in the presenei' of a minute quantity of eerous ion, owing to th»‘ 
formation of ceric salt. On evaporating this solution to dryness and 
heating the residue until a ]>ortion of the acid is removed, no cerium will 
then be dissolved by waV'r acidified by nitric acid (although any didymium 

* Zof'^ch. anotqun. (Uu m . 31, 3.50 ; Chtin. ZniliaUd . I'KIO, II., 75(). 

2 Ba., 35, 072. 
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aiui lanthanum present will be dissolved). An analogous result is obtained 
})V adding bismuth tdroxule to the nitiu^ acid solution. com|)lete oxidation 
lirih'^ edected oven ui tlic Xcith(‘r r('a<ai<)n, however, is so sensitive 

US that produced bv hvdiog('ii piu'oxidc m iiininoiiiacal solution. 

i )ii fusion with /n/tfroi/r/t 't/iliihutr the ceious salts \ icM a yellow 

III vcllouislM'cd mass ((‘iiaiactcnstic ami si'iisitive icaction.) 

9. On adding ])(>(assinin oi' sodmiu hydi'oxidc to a solution of a ccrous 
salt until tlH“ reaction is dclmclly alkaline (it much licc acid is prcs< nt it 
must, he cvajioratcd hejoi c I lu aildil mn). <-va[)oial mg the lupiid to <lrvnc.HH, 
, 111(1 1 1 eating the residue with a solution ol dnjrhnnir m < ono iihal< r/ .'■ill jihiit ir 
. 1 , i'l (about I : lOtM)), a. luivnd of a luiglit bluish-\ lolet colour, soon ei^anging 
to r(“<l, is ()btaiu(‘d (I’liiugi-)- 

](1 ('ill'' Dll'll, I'linnii iliD'iili', ('(•<»_„ IS always produced on igniting 
ri/oiis liydnevide. <»\alalc.sutj>hal<Muliate,oi cai bonal(\ or n nr li \ droxahs 
mt late or sulphate, or bv coin bus I ion ol the metal. When liot it is leiuou- 
\iil<i\\. but when cold is uliiti' to pale \elIow. according to the previous 
tie.itineiit- t’outamimition with the siualhst amount ot piaseodyuiiiim 
ptri'liii es a IJesh eoloui ed to brow lusli I'd i oloi at ion, probaljl\ o\\ mg to t lu! 
pii‘srii(.('ot pinseoih niium p<'ro\id<' ()lliei slight iui|tuiities also ))ro(lue<^ 
stnking alt^-ratious m the colonj, wliieli ate doubtless <lu(‘ to tlie formal ion 
of salt like eoiniHiunds in uiiieb the eei \<- ovule acts as acid. (< 'm ic o.xide in 
adiiiixtuK' with the otlier l aiths acts as a conveyor of owgi n. and eaiises 
j)i |o\uk‘ to he toi me<l on ignition, \\ Inch w ould othei w ise not bi- produced.) 
It IS ni'.'ilii/ih' ni !«Ill'', but l>v tiealmeiit with sulphuru- acid or fusion with 
|iotassium oi smliuiu livdrogen sul[)liate is eonveiled into ceric suljibale, 
ulmh IS soluble in \\at(‘r. ll i/is-se/z'is in liinliiiij acids in prcsi.ncc of 
I'ihiciiiif aijcid.-', ( ij. Ill mtne aeid, on (be addition of liydrogeii |)cro\id(‘, 
el m iiydriodie or li\dioehloi u* acids in the presmicc of alkali iodide or 
stannous eiiloiule, vith the* formation of the eorresjionding reious 
I oitipouiuls , an analogmis icsult is obtained u lieu it is boiled with an exei'ss 
of aeul to w liieh an etiiial (piantily ot h \ droipunoiie has been added. 

One liydio.xide is obtainoil as a vcllow, slimy precipitate by arhling 
alkali liyrlroxidc tu' amuioiiie to solutions ot eeiic salts ; wlu'ii fnvsbiy 
I'lei jpitated and diu-d .it 120 it dissolves m nitiie acid, foimiiig a led 
solution It IS soliiiile in liydioelilotie acid, with the (‘Volution of thloiuie 
•Hid foim.ilion of ceioiis elilonde, and in sulphutie aeul, with the foimation 
ot a inixtme of reroiis and rei le sulphates. 

Owing to tiu' great tendem-y ol llu* um t'<. to be conveiti'd into the 

tiivalent condition the xellow isli-red scr/fs' are cxieedingly unstable, and, 
in aqueous soluljon, uiulergo stiong hvdroiytie dissociation. ('<nr iIiIoikIc- 
H only known m lixdioehloue acid solution, w Imdi is easily <lee<)iu[M)sed 
''nlb the hlieralion of eliloruu*. Oerie sulphate* is fairly slabh’ when 
aiihvdnMiH or in tlu‘solid condition with 4HoO, hut m sulplnnie ac id sohitum 
*t dceomposed with the (‘volulion of oxygrm and formation of eerous ions. 
The ecpnlihriutn between eeious and ccrio ions m ilifsc solutions, and eonse- 
quently the eoiuposition of the eero-ecne sulphate eomple.xes. which 
<'>yslalli3o from the solutions simiillaneously with the eerie sulphate, 

13 
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depends upon the t(‘iiip<^ralutv and the ]>roporti<ni of sulphuric acid. The 
lustrous H'd <v nr (itkaii iloiihlr n/hnlr.s, whicdi ari; readily Holuhlo in water and 
alcohol, are l•onsld(‘ral)ly moie slal)l<‘. The aimnonuun double nitrate 
Ce(NH^) 2 (XO,,),j. which dissolves with ijilhculty in <'oiUM‘ntratcd nitru* acid, 
is of iinporiaii<-e for the si'paralion of cerunn from llu* rest of tlu* ecna earth 
nu'tais, the double lutiates of ultieh at<‘ n‘a<hl\' sohilih' in ndiie acid. 

Owiu^ to |iioui'«'ssi\e li\drol\sis the colour of (M-rie salt solutions 
gradually fades; Iresldv picpared solutions become' daiker- again on the 
addition of acid, owing to tin* l■e))|•csslou of llii' hydrol\sis. but this onl\ 
occurs to a slight c\b-nt m th<' ca.se of oldei solutions oi those h\diolys(‘<l 
by boding \\’li<'n slightly aiid sohiti<ins. prclerabl\ sulphuric acid solu 
tioiis or<'eiic nitiate lu suljdiat*', ar<‘ gieatly diluted ami boded hn-sic su/ls 
aepaiate 'L’Ins pioi'css irenuentl\ rejieateil nia\ be list'd for tlie eoinjiletc 
seyaialion ol I'cniiin fiorii tlicotlir'i ('.■utli iiicl.tl ions 

Re<lu<-nig agents always decolonse the yllow solutions of I'i'rie salts, 
with the foimalion of the eorresponding eerons salts, Ififihiii/in prionilv 
is tlie most suitable reagi'iit. but. llic others mentioned above, and also 
oxalic aeiil, niav bi' used. 

11. /loiiii and tilhtli phospludr dissolve eeruim compounds in the outer 
flame, foinuiig leddish \(‘lIo\v lieads (distmetioii fiuni the eaitli nietalfl 
pre.viously deseiilx'd) ; (lie colour fades and often almost disappeais on 
cooling, t'olourh'ss lieails ar<' obtained m the inner flame. 

12. tVou/.s' ilo not show an ahsmption spi'etium in the visibli' part 
of till' S|H'etnim (most, simjile and ileeisive test ot ]mrify ; in tlie ease of 
iinjniie salts absorption lines can 1 k' seen, espeeiallv in tlu* yi'llow' and green 
parts of till- speetruin). Crnr ilarken tlu- Idiie and vmh't parts of the 
Hpeetnim. 'J’be (.'■jn rli mn of eeriuin is ehaiaetensed liy tlie ju'i'st'nee 
of exeejdionally nume'ous lines (r/. Me_^ei and llausei, pp. 85 and Hb). 


Sicr. Ill 

6. Lanthanum, La, |:i!M). ^ 

1. Jjiiillxniinii IS a trivaleiil metal wimli tapidiv turns bliu' in tiic air. 
Tt is t 111' most stionglv basic element o! all tlie i aie eai th metals. 

2. h(iilh<iii/nit iixxli , ba is w bit«-,' and doe^ m»t change w lu-n igiiiU'd 
in the air (distinetion fioni eerons oxirle) ; Hie ignited oxide absorbs carbon 
dio\i(l(' fiom the air and behaves touaids watei (ike ealenim oxide, heing 
converted into a indky-wlute iiydroxide, slowly on contact w’ith cold, 
rapidly with hot water. Both tiu' o.xide .ind hydro.xide turn red litmus 
blue, liberate aminoiiia from its eom|>oumls even in the cold, and dissolve 
in strong animomum chloride solution, and also, even after strong ignition, 
in dilute acids. 

3. Th(' mllH arc <'olourlrs.s. Xeaily the whole of Hie lanihauum ion 

* rjanthanum o.xah' K (lesfi-eMioutcd m the prc-jcnce of prascodynuum ; on 
the other haml, (In' fonnatitni ot ]iras('oilvmiinn ixToxide is ]>revented by the 
prcsciiee of lanthanum. 
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s('|>aratefl at 20'’ to 30° from a saturated solution of lanthanum sulphate in 
)C(-uater, as a sulj)liat(5 (‘rystallising u ith 0FT.>{), and a method of separation 
fjoni the ions of llie other ecna earths may ho based on this property. 

4. I\i((T.ssif/m oxahr iintl, and fimmonium oxnhtli (a<'ting upon 

lantlianum oxnlale) and h'l/lrojl/ionr arid give the n-actiojis mentioned in 
the rase of eei’ouH ion. 

5. lii/ihixiih- proiluees a slimy, gelatinous pi’ceipitati; of 
liydroxide, whicli is jiisi>luhh‘ m <‘xeess and does not lieeome brown on 
('xposure to the air. 'J’artai h- aeul inhihils the preeijiitalion. 

0. The preciiiitate iirodiieed by aaif/ioniion carbuttalc is almost insolidde 
in excess of the [itiM ijutani ; the lanthanum double earbonab* is al^o mon^ 
spaiingly solub]<“ than thf eerons double eail)onatt‘ in concentrated 
carhonah’ f-olufinn. lUtninn rarixmah piccipitatixs lanthanum ion 
(juantifntiN'elv from sdlulions of lantlianum sails. (‘\ cn in 1 he cold. • 

7 On In'almg a. cold ddutc solution ot lanthanum acidate with excess 
of ammonia, icpcalcdl\ \v<ishmg the slimy pHM-ij)ilat<“, and adding a little 
powdcicd lodun, a (due rolo/alion ' wlncli gradually pcimi'atcs tlu^ whole 
mass IS obtained. (< 'iiaiact<‘i isf ic distinction of hint hannin ion fiom the ions 
(•f (ho otlicr earths. Ilu' jircsmicc' of which, howcvi i, fKa^iumtly has a strong 
milucrmc upon tlu' icaction ) 

S Sodiian Ihioxnlfihalr ilocs not ]>n-cij)datc lanthamim from (‘ven 
boiling solutions of the salts. 

h banthanum compounds do aot show an nb-'-.o/jttioii ■sprclnim ; on 
tile other fiand, the violet and ultia-\ iolct. <n< xpn h imt is i ich in character* 
istic lines. 

Skc. TiO. 

7. Praseodymium, Tr, 110-9. and Neodymium, Nd. ill-.‘I. 

These two vi'ry closely similar metals were fmmeilv regarded as one 
iicmi iit. dtdii/tiuim. d'lii'y au‘ distinguislu'd fiom each other by the fact 
that ^hi- iie()d>mium salts arc ]>iiik‘ i.ir rmhi, and show' a eharaeteristic 
|nnki-<hdjhie lluorescciH c, whereas (he piasi.'odymium salts are gra.'^s-gri-cii 
ui < olour ; the ahs<ir|>l ion spectra of solid tons of (heir salts arc also corre* 
■"pondingly ddleriad. Thi(<‘ u.xides ot pras<aKl\inmm arc known: viz. a 
vcilow ,sfs<[Hio.iidc, Pr^Ojj, from which tile salts are derived, the blackish- 
o.iidt, with the probable composition PriOy or I’bjOu, which is 
jnoduccd by ignition of the oxalates, nitrates, etc., and the bba-k peroxide, 
I’M)^, which can be pi'epaied from pure praseodymium salts only by fusion 
with p<)tas.siiim iiitiate ; on the other hand, the piesencc of even small 
‘piantilies of e<>iium eompoimds promoti's the foimation of jiero.xide, even 
wlicii olliia- pras('od\niium eompound.s ai<' ignited. 'File brown adoration 
obtained on igniting (he, oxides m th(‘ pre-sem-e of oiTiurn eompound.s is a 
very sensitive teat for praacodymmm. Un healing the Resulting lugher 
oxides ut a white lieat they ari“ depiived of the,whole or part of their 
oxvgcn and lose th<‘ir brown colour. As a rule, huwev'cr, they regain their 

‘ f’/. AV, liilU, LVr., 37, 7lit. 
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oxygen and colour on cooling. Other ceria earths wliich may be present 
also appear to have an inlluencc upon the oxides formed -lanthanum, m 
particular, tiauls to prevent tlu* formation of peioxides. 

The only oxiih* of iicuili/muni)., hoivever, known with cmiainty ia the 
seH(pnoxidc, N(LO^. As a rule tlicre is eonsiderahly mon) neodymium than 
praHOodyinimn in the rare «‘arth minerals. Auer \on W^dsbaeh succeedial 
in sejiarating the two elements by long-continued liwlional crystallisation 
of the double alkali mtiates. Jt is not ]»os>5il)le to elh-ct a se])aratioii by 
means of the ordinary aiudytK'al reactions, lu whieli the eonipuimds of both 
eleinenls eonipleteiy agree. We shall, theiefore, now des( nb(‘ the rcactiona 
of thoir^mixtun*, (hdiiiniiim. 

1. Ihiliimimi} is tnvaliuit. Tlie o.rtde is grey. Traees of cerium always 
cause the colour lo be brownisli. but aecoi<linii (o Iv. .1. .Meyer and Koss ^ 
the mixIuri'H of oxidi'S rich in prasi odynimm arc also invariably brown. 
When the oxide is moistimed with mine acid and ignited a dai k brow'n 
peroxide with the above-inentmiusl piopeities ot ]iraseodymium iicroxide 
is obtaiiH'd. On contact with water di<lvmmm oxale is slowly eonviMled 
into hydroxide. It absoi])s owgen rapidly tiom the air, does not show an 
alkaline nvaction, atul <li.ssolv<-s n adily in acids and m Ixnling .aininoniutti 
chloride solution. 

2. 1’lie salts soluble in water and their solutions are pink, whilst con- 
(MUdrated solutions an* yellow' to brownish in eolonr, suu-e as a nile neody- 
inium predominates in tliem. Solutions rich m praseodymium are, also 
brownish or colourless when diluti', Imt green wdien th(‘ [iraseodymium is in 
considerable preponderance. 

8. Polds.siniH hijdio.ndr, si)diiii>i- fii/droiidc, and aminmna jiri-cipitate 
hydroxide, which as insoluble in exi oss of the preeijutaiit, does not altei iii 
the air, and readily absorbs carbon dioxide from the air. 'rartane and ot lier 
hydroxy aiads do not ]neveiil tin; precipitation. 

4. Alhth rarhountcK and nmuuniiinn rathoiialr.s givi* a precipitate of ted 
didi/mivni nirhoiuilef which is sonicw liat soliihle in cxci'ss of alkali carbonalo 
solutions {ndc .s-«/»ru. Sec. 47, 4). Bamnn raihonaU prei ipitates ilidytnimu 
ions slowly but quantitatively. 'The hoIuIjou of neodMuium dotiblo 
carbonate' in eoncentrated |)otassium <‘ar)>onato .solution i.s blue, and shows 
an absorption spectrum, which difTers from tiiatof the simple neodymiiiin 
salt solutions. 

5. Orahr and prodiiees aiK'aily quantitative )ir<'cipitale. 'I’he result mi: 
reddish didipniKiii oxtdafe dissolves with very great dillicully in cold hydro- 
ehlono or nitric acid, Invt is soluhle on healing. In this rcxpiiV it bdian-'^ 
hke C( tKivlale. 

(>. The bt'ltavioiir of solutions of didymiiiin .salts towards .^<»hvrn ••ad- 
'phaU'y nodiiim l/uosidphafr, and hijdiojhtork arid is exactly analogous to that 
of solutions containing ccrous or lantlianum ions. 

7. 4’he duli/mutrn jx'roxide formed on ignition, tlie composition of which, 
as mentioiK'd above, d(*j>ends upon llic jmrity and conditions of formation, 
is sohihh'i m hydrochloric acid, with tlic evolution of chlorine and formatit*n 
» yia., 35, 3741. 
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SEC 52 

of (liilymium clil()ri<l<'. and in oxygonalod acids with the evolution of oxygon 
and formation of tfic correspondmg salts. It thus behavea as a very 
chaiacteristic peroxhlo. 

H. When fused with boxn chdyitmmi conijHjimds yield a nearly colour¬ 
less glass botli in the redm mg and oxidising llamcs, and only when a large 
ainouiil IS pvesimt is a faint anietliy.sL-red euloialiun pioducod. Alkali 
yhx'^plutlt' yields bluish ainelliyst-red lieads in the oxuhsmg I lame ; the 
colour ihsajipears in the ieducing llaine. Kuse-l with s<x(tunirarho}ml<' in the 
outer llanie did\ niiiim eornponnds yield a gieyisii-wliiU' mass. {])islmotion 
trom mangaiic;.se.) 

The (ihmrpliou ■'^jxrli inu givim by solutions of ilidymiuin,salts is 
csjHt'.ially ( h<iia< (iiislK- of ibdyininin. It shows Iho following absoiption 
iim-s expressed m /-/- ■ iV.H) (1.V), 578 (Nd), 5:52 (Nd), 522 (Nd), 520 
(Nd). oil (N(l),oO;)(\(i),481 {l*i), l74(Xd), 469 (IT) and (Xd). 444 (fT), 
427 (N*d). 'I'he too.s.se'/i. spxiriiit). eotresponds csHontially with the 
iihsorplion sjiectrum of the solutions. 


8k(’. 51. 

8. Samarium, Sa. 150 1 

is a tii\alenl metal. It lias only leeontly been obtained in a 
lelalivt'ly pure eoiidilioii. It is the least basie member of the cena ('arths. 
and foi ms I he transit ion stage to the teilua earths. Its salts are of a lopa/.- 
yellow coluiit Its icaetions ugiee closely with thos«' of the other ceria 
i-arlhs, tile mam ditfeieiice ujioii wliu-h its sepni.ition from these is ba.sod, 
(onsistiiig m its dillei<‘ii(. basicity as mi'iilioiied abov(“ (See. 47, I). Th(' 
phoii spx'Uam shows several eliaraeleristie bands, the strongest of 
wliiili hav(! their maxima at 176, Kid, 417 and 402/t/i,. 'I’lie absoijitioii 
specliiim of samarium, liow'ever, is eonsideralily wi^aker than that of 
ihd}miium, and is I'a^iily masked by the latter. A more trustworthy method 
tiiaii th(‘ absorption ajKHi.rum foi delecting anti testing tlie jmritv of 
samaiimn rornpounds is altorded by the atr f<prcinnn, winch shows very 
many lines. 


Slot'. 52. 

9. Titanium, 'I’i, lo l 

I. Titanium m llie amorjihous eondititm is a grey, in oilier conditions 
a silvery-white, inctal, winch even yet lias not been prepared in an abso 
hitely pure state. It occurs in its compounds in thcdi-, tri-, and tetravalent 
condition, but only the compounds of tetravalent titanium are stable. The 
siJcciHc gravity of amorplious titanium is about 4'5, and the melting point 
ot the metal about 1800-1850”. It is widely distribub'd in nature, although 
Usually only m small ijuantities. It is found s.'^Hioxide in three dilTerunt 
forms-- rutile, aiiatasc, and brookite also in numerous liU/uofts, notably in 
btamum iron, FeTiOj, and titauite, (.'aTiSiOg, as well as in small amount 
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in bauxitt*, in many olavH and Hihcates, in ironstone, etc. Hence, titanium 
is Bometimes present in pig-iron and blast-furnatio slag.s, in whioK it may 
under somo conditams occur in the form of small copper-red cubes of the 
so-called titanium cyanog(‘n nitride, 'jf‘ir,('N 4 . The decomposition of the 
minerals is ellVeted by fusion with sodium or jiotassium carbonate. In this 
process carbon dioMiie escapes and alkali tiianate, is formed, and on 

extracting the fnsc'd mass with water a residue of titanic acid containing 
alkali is left; th<‘ addition of a(;id causes solution or the. separation of a 
purer titanic acid, according to the eoneentralion eondilions. Tlie quanti¬ 
tative He^mration of the titanic acid thus olitaincd from iron, wliich is 
relatively dillieuit, is best cHectcd l)y lieating tlie resKhn*, left on extraiding 
the fused mass with water, to alamt IKMV with twice its weiglit of coiicoii- 
trated sulpliune acid, dissolving th«‘ nu\tme in a iittle water, adding acetic 
acid III the pi'0))ortion of a tlmd to a fourth of the solution, diluting the 
liipiid and boiling it for several hours, meanwhile replacing the evaporated 
water. Under these conditions titanium dioxide* is precqiitaicd in a fairly 
pure condition, without any aelnuxturc of niol)ie or tantahe acids. Another 
method is to mix the ores with l arbon and fuse th(^ mixture in an (“lectric 
furnace. Very pure titanium chloride is obtaini'd l>y heating the resulting 
carbides in a current of chlorine.^ 

When lieated in the air, litanuiin burns wdli a hnght llatne, forming 
titanium dioxide; it coinlunes with nitrogen at H(HV , liberating heat, 
and forming titanium nitriile ; it is decoini>osed liy watiT, but not below 
100'\ and diss()lves in hot dilute acids, e8))ccially in hydroMuorur acid, to 
form salts of trivah'iit titanium. 

2. TiUnntitn (/m.rn/c, M’iOo (titanic anliydridc), usually 8(“[)aralcs in the 
form of a white amorphous powder. When geutlv ignited it is white, on 
continuing the lu'ating transitorily bceonu's Ji'inon-yellow, and when very 
Btrongly igniti'tl it, may become, according to its pri'vioiia treatment, 
yellowish-white, or, if ammonium chloiidc was ongimdly [irescnt, brownish 
(v. d. I'fordten ’}. It melts at about atul has a s]K‘eilie gravity 

which ranges (according to the temperature to which it has pri'vioualy biM-n 
heated) from ((itMt") to (120(V‘). Jiy ignition m a current of 

hydrog(*n a lower oxide is formed; tlie chiik-colouied jiroilucts hitherto 
obtained are not individual substances, but vary in comjiositiou from 
TigOg to I’l^O,^. More ]m)noiinccd iiductioa is i-fTccti'd liy means of 
alkali metals, magnesium, or alummiuni. 

Titanium dioxide ift insoluble m water, and, after ignition, is not 
attaeki'il by dilute acids, witli the exee])tion of hydrolluorie acid, in which 
it slowly dissolves Wlu'n tin* solution in hydroliuorie acid is heated thi* 
tetrafluoride volatilises, but if sulplmne acid is atlded before evajioration 

^ According to Meyer iind Hauser [Im i if ); sec also the statc'inonts m 
Abegg's llnmihuch, Vol HI.. I’ait il.. aiul tin* detailed investigations of v d 
Hfordkm on the prcjiaijation of pure titanium dioxide from rutile, the 
most unportaiit titanium enmpouiuls, and tlie reactions of solutions w'huh 
contained di-, tri-, and tetravalent titanium. .1 h?i. d. C7n/n.,234.257 ct •'•<'/., ami 
oapocially 237. 201 el seq. 
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to <lrvnosK, titanunn dioxido U quantitatively formed, and no titanium 
lliioride cbcapoH. ( Diwtinction fioin ^<dn-on dioxide.) 

On hcahmj UiaMum dioxide with eoucentmted i^idjdiunc arid, or hettci-, on 
fiiAraj it u'ilh alhih hijdrotjeti sulphUv, it jh c-ouveiU'ii int() sulpluite, 'wiiieli 
di^'<olve.'< wluni dduted witii uatei. W hen the solution in vei v diluti* 
sulpliurie acid is hod'd jnr a lon<j luiif, idaine and ?.s- pnnpitaUd as a wlnte 
|) 0 \\<ler insoluble m acids (melatitanK* acid), rusion witli alkali hydroxides 
onlv causes a small amount of titanium to he dissolvcil wiien the fused mass 
IS treated with uaUr, whereas iusion with aikah carhonales etlcets complete- 
decomjrosilion mt-o alkali titanates as described alrovc (in 1). l'’usion with 
lii/iliotjt )i Jhioiidi |»ioduees a li.uispaient mass soluble yi dilute 
h\di'o( liloiie aenl. Hca1 uni; lin‘ dioxidi'm a ( uncut of eaihi.ui h luie/donde, 
rld'iiofoi .sidpliin rhhnidi {hcalini,' with carbon m a ciuicjit of chlorine 
was rdso foriiieily used) is a \eiN siutal>le method ol dceouiposit*on, 
lilaineiii liahlo/ule bemj: lormcd m th<‘ pioccss 

'/'ihtiitiitu dv-tidi shows pionounrcd aiHpli<i1t i tr bi'havioui As a uxah 
and it nalatilamil's. /u’l’iO t (ortliolitanatcs, 11 ,’l'it)i. an* not known), 
winch may easily he olitanu'd m the piodml. of fusion, but in aijucouH 
Milutions umUrgo h\diol\tic rhssoeiation witli the separation of titanic 
aci<l ('I’ltt'HA)). As tnhon, tetravalent titaniuin. which is ilesenbed 
more lully Im'Iow, also fotjiis salts, which \<-i\’ iiadil\ undergo hv<.holvsis. 

!k Nu//>. ’ritanmin hunis three (or, melndin^^ 1li(‘ pcrtitanates, four-) 
.'Cl res of salts. 

((/) 'I'lfatioii.s .stilt-, which (oiiesjroiid in diiahod liliiiiiiini, can only hi' 
ohtaiiuMl m the abserue ol an, and liave been but little invcsli}i;at(M!. 
iVitassium thiocyanate and h\dioihlora acid ju'oduce a blown toloration 
m solutions of t he salts ol divalent t itauium, and on sludsinc the li(|uid w ith 
ether the colour is Iranslci nal to the latter (v. d I’fordten). 

ill) Titainr .salt.' m w hieh the titaimim is h leaU at. 'these also undert'O 
"Xidation witii extreme lenrliiicss. and lienee eornpounds will) a slroiig 
rcdiK'ing action are pioduced b\ ihss<tl\mi.'’ titamuin in dilute acids, or by 
the action of stiong ifrlucinc ayiaits u|ion solutions ol tlu; eori'es[)on<lnig 
Kails of ((‘traxalent titanium, into compounds of winch thev aii‘ usually 
converted merely b', )'\posur<‘ to the aii’. 'riieii' arpiecnis .solutions are of a 
vioht colour, but, as m the ease of chiomic salts, there are also h'ss stable 
riioditications, winch give solutions ol a (fietii <‘oloiir ; in ueiu'ial the 
reactions are similar to those of the alummiutn and leiiie ions. .Mkahs 
precipitate adai k h\dto\ide , owing to there being a eousideiuble ti'iidency 
to luim eoinplex salts, this jireeijutatiou *loes not take pla< <- in tlu‘ |)iesencc 
of tartaric or other organic liydtoxy acids. 'I’he oxalates, as also other 
eoiiiponnds {e.g. tiiat with })yro<'atoehoI, rf. 8) of tiivalent titanium are 
}ellowush-rcd. 

(r) traits of Uirandt at Utaaiina. Under oidinary conditions thesi' an‘ 
the only stable salts; they are colourless m aipieous solution, and usually 
'iiidergo pronounced Iiydrolytic (.lissociation ; tbej' invariably form complex 
^onipoumls in their solutiona, whilst the amount of the ion 'I’l”" pro¬ 
gressively dccreaac^. 
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Tilanvum iHruchhi uU, tlic metljod of luvparing wliicli has already been 
desenhed, is ii coloniless lujiud \\hK'li has a sidlocating odour, boils at 
]3(V , luul I'mnes sliongly in the an, liydrochlonc acid being liberated, and 
an oxyehlorule foiined; it disHolves i«i ab’oliol, founing a solution winch 
leniains clear e\<'n on (he addition <if uatci, but is d(‘coin}>osed by wabr 
with th(“ ('Solution of henl. d'his hsdiolysis leads, according to the con¬ 
ditions, to the foi mat ion of titanium by dioxides, w inch behave in a different 
manner. If the titanium letraehloiide is di'^solved m very cold water, 
with |iieeautions to pics cut the sidntion becoming liot (or if it is allowed to 
stand fot soine tinu’ close to watci beneatli a Ik'II jar, ami the resulting solid 
eiystalline mass intiodiieed into walei), a dear or slightly opalescent 
solution IS obtained, w hieli shows hi lie. if aii \, tm Indily on boiling, and in 
which the adildion of an electioldi' pin<liRes incomplete lloccultttion 
(a> or orthotitanie acid). If the solution thu.s obtained l^ allowed to stand 
for some time and then boiled, a copious precqutate of another inodilieation 
of till' liMlroxide is produced (/^- or metalitanie acid). When titanium 
tetraclilondc is mixed with eonceiiflaled liydioehlorie acid a yellow' eom- 
pound is formed, while heat is exohmd and vajioiirs of h\drogen ehloiKle 
escape; this compound dissolves m excess of hydtoeliloric acid to foim a 
clc^ar, light yellow, non turning licjuid, ui which jucsumahly the eomjilex 
ions 'rid'Y, I'leseiil. 'I'lie laiilv stable solution ma\ he ililuled to any 
extent without any sepaiation of tilauK arnl. Oamg to its ready rohiiildn 
titanium tetiai-ldoi ide is ot (nipaildiirt m , m this connection it is 

necessary to take into consideration its tendency 1 o loi m \ olal do comjxnmds 
with otluT chtorirlos. such as l’( IM I etc. 

'I’he li Iniihiiii nh is a white, \ciy li\gioscopic powdci, boiling at 2S-f ' 
Wlieii dissolved m dilute hvdiollmuic acid it loinis titanium hydiolluonc 
acid, the potassium suit oi which Ix./I’iIy is sparingly Boluble (1 : 177 at 0 
and 1 : 78 at 20 ), and is of importance fui the .si'iiuiulion oi the acid from 
the other eaiih acids. 

The show to a ]ironounc(Ml extent the tendency found in the 

case of all tlie other salts, to bum liasic salts. 'I’hc only really stableVolts 
among these. '■Idanyl suljihates, ' belong to the type (Ti(>)S(> 4 ; they 
undergo varying degries ol hydrolysis m aipieous .solution, and yield, 
aeeordmg to llie condilioiis, dcj'osils of stioiigly basic sulphates or of pure 
hydioxide (possibly too m the ease ol these jireeipilates it may only be a 
question of a hydroxide adsorbing more or less Kuljihmie acid). Strong 
dilution and boding cause metatitanie acul to jireeipitale. 

((/) J\)iilinHilc.s. It was foimorly commonly assumed that these eon- 
taiiu'd hexavalent titanium. The solutions of the pertitanatea, wlneli 
liave not been completely investigatcMl. are of an oraiige-yellow' colour: 
these compounds, however, are more correctly regarded as tliose of a 
titanium peroxide hydrate, [i-ulc infia, b)- 

Rr<i^li())i.s of tviratoh iit lllantum. 

4. Avntionin, or ^odvmi fuidroude, awinomuw, sulphide, and 

hiri'um vaihoiiuir precipitate idautum. hyduuide (titanic acid), TiO^ I 
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(or 'l'i(()ll )4 1 as a voIuithhous white procijjitate (titanic acid gel) 

tioin solutions of tlio salts of Udravalcnt titanium ; tartaric acid inhibits 
I lie jirccipitation. 'J'lic ])rcii})itatc is readily soluble in solutions of alkali 
caibonates, and esjicoially of anmioAuiin carbonate, but it separales again 
on boiling the solutions lor some time. As was menlioiietl abovi; in eon- 
iiectioii with the liydiolysis of tlie eliluride, the liydioxide exists in two 
mnditications, wlm li, howe\ei\ arc only the exlreine membeis of a series of 
luibati-s. wiiieli aie eonlinnally elianging into one anolluT. If llu' pri'- 
(•i|n1:ilion is niad«‘ liy aihling ammonia, m tlu* cold, to a Ircsldy prepared 
solution, and tlu* lui'cijiitatc' waslu'd with cold wat(“r, a- or orthotitaiue 
.((id IS produced ; it is uadily soluble in dilute acids m tlio cold^ and is 
someuluit solubh' in polassinm an<l sodium liydroxule solutions, but 
se[jai.iles again on boiling, .nul when cautiously hcatcil iiu.aiidcscc‘b and 
foiins lilanmm dioxide. 'I’iu' /i- or metatitamc a< ul, wlneh is imu li kss 
soluhic m m ids and nisolulilc in alkali solutions, is foi iiud, as w as mentioned 
;(l)o\e. h\' llie hedioKsis of aipleoiis solutions of titanium salts wl\en boiled 
lor some time This h\drol\.siK is eomph‘t<‘ in tlu* ease of suljiliatcs, and 
uiidi Mulislanees siu li ns at i l<it( oi sulj;hur (lioxidi-, whuh promott' 

lloeculalion, me pieseiit in tlu' solution, hut in tlu‘ easi' of ehloildes and 
many other salts is only mcomplcte.^ 'Tlic v< ty pronounced tendency to 
sol loimalion in solulioiis of tlie eliloiules is shown hy tin* fact (hat the 
litame a(.-ul 'fel piceipitali'd liom tlu- soliilions will again heeonu- (olloidal 
.unl Ii;.sH through I lie (liter, il w ashed w ith water, w it liout the addtl ion of an 
(lei holy te 

o Soi/nnn gives a ipiantitative pie(.-i(>itate of titanium 

livdi'oxide m huihng acid solutions oi titanium salts. (i)isliu< tion trom 
the Ions of th(‘ liivaleiit tare eailh metals. Agieeineiit with the 
K'lis of aluminium, /arcomiim, tlioriuni, scandium, and tctravalent 
eei mill ) 

♦) Ihsotinini liijiliiKjcn jili<>sjt/it(f<: and oth(*r S(.)lu(ions eontaming 

imi jiroduei-, even m stiong liydroeldoru- aeid solutions ot titanium 
salts, a iK-arly i|uaiililativc pn*eipita(e of basic titanium phos))hate, the 
exact composition of wliieh is not known. The jm-eipitation takes place 
even m the }iivsenee ot a laige excess ot foiinic acid, and on hoiling Ui<‘ 
h»|md with a laige amount of soilnim aeelatc and ueitie aeid. 15uth 
uielliuds, and espeually the latter, elleet euinplete sejiai.(turn ol titanium 
•on from aluminium loii. although only alter lepcated tieatinent ((lo<i<’U -). 

I. rotas.^itnn ft norpanalc pioduei's m acid solutions a 
I'lceipitate, potassium feiiieyanide a yclloic, and extraet of gall nuts a 
I'hurinslt ])rceij)itate, soon changing to oremt/t-nd. 

8. iJihijdroxijlmatnc acid lu oduei-s in cold aipieous solutions, even when 
cxtiemely <lilute, an intense rcddish-brown ctiloratiou, and m concentrated 

' Tills atioi'ds a me.ms ot separating titanic aeid bom .ilmmnium aiul iron 
If the latter is |ir<>Heiit m the form of fiTric lop, tlu- prieipitat(.d meta- 
tit'iiiiv acid invaimhly eontanis iron. This may be ]u-cvcnted by inlioilueing 
^iijjihur (lioxule, or adiling sodiuiu tliiosuljih.ite. 

■ ('hem. ZentinlhL, 1SS7, ira. 
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solutions a l^hocolal^■^brown precipitate of tiianium dihiidroxymnleic ar/ul, 
which resists ilie action of cold eon<‘i‘iitrated acids, with the exception of 
hydrolluonc acad, and forms alkali salt-s (U. ,J. H. i'cnton *). rifroc(iUch<‘l 
gives a yello\\iHh-red coloration. is an extn'inely sensitive reaction. 

It depends (as does possibly also the ri'action with dihydroxynuileio arid} 
upon the rcfliurlion ol tiu' titanium ion to the Irivalent comlition, and tlie 
formation of a yellow isIi-kmI ])re<'ipitate (l‘iccard “). The soilinm salt of 
chromofmpir (wttl (1 •S-tliliydioxynajilithalcne-'J’d-disulpliomc acid) jiru- 
duces a blood-red eoloralioii in sulplmric and hydioehlorie acids solutions, 
but not in those containing' much nitiic acid. (Tins is a sensitive and trust- 
worthjj reaction.) 'ritanium conipoiinds givi‘ rburartciislii foloratiou.s willi 
phcuolfi, especially hi/<hiKinuK>ii<\ and (ilkalouls, e8]u‘eially iHorphtnc and 
briin)ir (Levy •*), but h( e also Hall and JSmitli.'’ Jonsseii ® recomnioniis 
tlfo red coloration winch a solution of ■-■<iliri/hc nrul in concenlrati'd sulphun<- 
acid gives with tlie titanale ion as espi'cially siiitatde for distinguishing it 
from the eorous ion (whi<-h also gi\es a yidlow coloiation with hydiogt'ii 
jxroxide, chIi’, 0). He fuse.s a little of the substance under eKannnalion 
on a platinum wire with jioLassium liydrogen suljdmte, and treats jiaitK-Ic^ 
of tlu' crushed bead witli tlie solution of salicylic acid m concentratisl sul¬ 
phuric acid. In tlie presence of titanutc ion the solul paitieh's show a icd 
ooloraiion. wliieb grailually spiiauls into the hcjuid 

0. ////dm/ca pcra.mli' produces a i/i'Umv in sulphuric or hydro¬ 

chloric aenl solutions of titanu! acid ; ralui ing agenffi such as stannous 
chloride and /me dust decoloiisc the solution again. Tii the absence of 
cerium, inolybdati*, vanadatix or chromate ions, the reaction is \ci} 
characteristic and very scnsitivi' (it is capalilc of deUating as little as 
0*005 j)(‘r cent, of TiO., with certainty in siilplunu- acid solution.) Hydio- 
fluoric acid inlnluts, and tlic presence of nmcli nitrate or acetate ion also 
influences the u'actmii ; chlorides, brotmdes, and iodides ari' also stated to 
have a disturbing etb'ct (Li'vy), and obviously subst^uiocs such as feme 
salts, wbicli [U’oditcc a yellow eoloration, alTect tlie sensitiveness of tlie test 
The yellow solution still shows all the reaetiona of liydrogen peroxide, with 
the e.\ee])ti(m of tlu* blue coloration witli ebroniate ion. According to the 
view formerly belt] the ri'action depends u])on tlie formation of pertitanu 
acid with hexavalent titiinium, but a better assumption is that hydio- 
jicroxidatea of titanium are formed. A yellow <‘om])ound is jirceijiitatcil 
with a composition eorresponding to tlu' formula Ti{().()H)(OH )3 when the 
solution of titanyi sulphate, to which hydrogini jieroxkh? has been added, is 
treated with a little amnioma or alkali hydroxide. The addition of a large) 
amount of alkali hydroxide or ammonia produces pale yellow solutions, 
which may be assumed to contain alkali pertitanates or .salts, which aic 
able to produce the. h 3 ’dropcro\ulatc-, owing to tlie fact that the acid 
character of the rest of the hydroxyl groups is greatly iiitensilicd bj' tlu 
introduction of tlie hydrogen peroxide. (Method for the separation o' 
• 

i ('hi-m. Zcutralhi. 15J08. 11.. 197- - /i(r., 42, 4343. 

® Zeitsch. anal, ('hi m., 40, HU7. ■* (Jhc.m. ZcntrnlbL, 1005, IL, 1103 

» Ibid., 1904. I., 55. 
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nlanitun and iron ion’). Since the hydroperoxidatos arc readily aoluble 
m acids, tin* addition of hydrojicn peroxide causes inodilications of titanic 
;u id, wlueh othcru'iao are only spanneiy soluble in sulphuric acid, to dissolve 
iea<lil\ ni that acid. A yellow <■olor^tlou is produced wlion solid litanium 
('oiiij)ounds ate fuseil witli sotlmm pi'ioxide, the mass dissoivi'd in a sulVicii'nt 
(jiiaiitity of cold water (no inonontu ed heating takes place), and the solution 
aeidilied with sulphuric a<-id. 

1(1 Ixidnctii'i produce' some further characte'ristK; reactions in 

solutions contamni" le-liavah-nt litaniuin, owinjf to the fonnatiou of 
titanic toil. l‘’or e\ani}il<‘, iin or zinc, product's a rioht to blue 

('ili)iiiliiiii 111 silljlinn ic oi hedfochhu ic acid solutions of titanic, acid in the 
leduclion of tin- lluoruh' a iziei'ti eoloialion may he produeoel, wliilsl dlkali 
hiliiinriilv.s or (niiiuoti/ii [iri'eipitate blue or bhak (ituiiir hi/ilrotidi.' from llio 
rciliued .'solution. Ill coiitiadistnu tiori to luoliic acid Mk* i^reen eoloratiAn 
IS also juoduce'd in a solution of tiu' potassium double tliioruh's slightly 
.u iditicd with h\'hoclilone acid. In nri/ ■'ihoii'i liydrocliloric acid solution 
iiioluc hckI is rapidl\' rl■dll('e<l {rf. p. 1^1(1. 5 (c)). fli/ilni''iil/>fnirou>i neid, a 
solution of which is obtained by tho action of granulated /.me upon an 
iUjUcons Solution of siil]>hur dioxide, oi its sodium salt (Na.S.^t,)^),- also 
jiroduee a violet or icd colotation even in very ehlute solutions ; the colour¬ 
ing matte r is ne»t e'xtiae teel from tlu'Se- by slialung with etiu'r (It. L^re'senius. 
Z'dAi'li. dual Chnn , 24, lit*)- ^J’he* ivaetioii ])ie)c<M‘ds, as slmwu in the 
following e'epialion. from loft to right in acid solutions, and fiom right 
h'ft III alkaline' se»Intions, and may thus not take- jilaee' at all m the latter 
(Ih uiu'k ') 

2Ti(‘l, ' Na,S,(>,,^2Ti('l,j j 2Na(.:i *-280. 

Siiinlai' re'ae 1 ions, oicasiemully elillenng. howe've r, in the eolenir of the result¬ 
ing proiliicts, aie also given by nieiluuin, molybdenum, vanadium, and 
tiingsicii ooinjiounels (rf. llu* rcspoe-tive sections). The aolutiems produced 
hv such re'eliie'tiotis have tlu'in.selves ve-iy slnmg re'eliu’ing ])Oweu*.s, c.g. 
hlc;u'i!ing llleligo 

M. Alkali p//os’p//f<p’ dissolves titaiuuin eho.xieh' with dilliculty m the 
point of the oute-i blow pipe flame* fonniiig a eoleuirle'ss glass, but it ehssolvca 
It fice ly and easil\ in that part e>f the eiuteT llame* in fiont of the mne-i point. 
If llu; Iraiispaient In-ad is again introeliK-ee! into the point eif the? emter flame 
It beroincs turljiel, if 'UilJirti nf(i/ sdliiraUd, and on ceuitniuing the iieating with 
tln' lilow'pipe, titanmm elmxiele seeparate-s m mie reise'opie; crystals in tlie*. feuin 
"f anatase (d. Rose). Accoreling to A. Knop thei crystals consist of 
litamuin phosphate, but acceudmg to (J. Wuiide'r theey are thoinbokeUntl 
of sodium htanium phosphalc. Wlien the bead is introelueed into 
a strong rcelucing llamo it afijieara afte.'r some* time 3 'e*llow while hot, red 
\iliiie se'mi-cold, and vioh't when e-old. The n'tluetion is facihtateel by the 
luldition of a little tin. On adding a small amount of fe'i rous sulphate the 

' d/- t’aber, Zt-dM'/i. anal, (l/tim., 46, 277, whe.i'i' othiT literature on 
lif.xavaicnt titanimn is iiie'iitioncd. 

('!■ footnote? lo lu-aeliug Sec 102 


^ Ann. d. Chrm.., 346, 283. 
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bead obtained jipj)e.irn blood-red in the n'dneing flame. Tn the oxidation 
area of the IbinRen flame tlie ]>lK)Sj)liHte bead is coloured either not at all or 
only a faint yellou' tinlr-- when cold it ajijx'urs colourless oi pale violet. 
In the leduction ajca (he b(‘iul is yellt»\v uhile hot, and on cooling changes 
succcKsivcIy to yellouisli-gieen, olive-gicen, faint violet, and violet. The 
reduced lu-ad shows a inucli nioje pionouiieed coloration than the oxidised 
bead when cold. The addition of (in ])ioniotcs the production of the 
rediK-tion colorations, fionir beads are only faintly coloured by consider¬ 
able ipiantitios of titanium (but/., Znl'-rh. aiiiil ('hem.., 47, 21). 

12. If a substanci' eontaiiiing tilanium is fused with sodnnn 
on a l(jo])<d tiunplatimun wire in the innet llanieof a Bunsen burner, U'hi<h 
h(tf< ill’ll ■maili' f-iiiiii irliiil lniiiitioiis. and lieated until all the sodium has 
volatilised, tlie eo|)|xi-M“d compound littiiniim nijiiiiiih: iiiIikU', H'l’i^^i^ 
•|•'TlC. 2 No, i.s foniied tluongli the aetion ol the e\aiiog(‘n m the gas 
(Ludeking). 

Ifl. fill' till ilrfiriimi (if Itliitriiiiii 'iii nn'itiiiii'^ about O'l grin, of tbi' linelN 
powdered Hiibstanci' may be fused with 0‘2 gnu. of sodumi Jliuiridc and 
grins, of ■'^odiHiii hifdiin/i n sidphalt'. ( )n treating the fused mass with <‘old 
water the titanic acid is obtained m solution am) may b(^ detected tlieieiii. 
c.f/. na ilcsciibed in fl (A. Noyes). As a rule, in the analysis of silicates, the 
titanium ilioxide is ]>ieseiil in tlu' st'parati'd silicon dioxide. In such case.s 
the residue may la* fused with pulassiiiin h\iliogeii sulphate either direcllv 
or after removal of llie silicon dioxide by beating it with hydioliiioii< and 
sulphuric aeids, tlie fused mass dissolvi*! in cold water, ami tlie solution 
tested with hi/dniijvii in iin idi . Silii-ates, r.ij. reliactoi y niab'rials. may also 
be fused with sodium ])('roxid(' in an iron ruicibh^ (see 9, cnnelusion). 
Knecht ^ lias suggested heating the niixlure of silicon dioxide and titanium 
dioxide with a little dilute liydroehloiic acid (1:1) and zinc foil, and then 
after some turn' adding the solution to a liot aipicuiis solution of about 
()’5 gim. of Roebelle salt wliieli has beini tinted blue witli indujii .•^idnhoii. 
Ill the presence of litanuiin tlie luiimi is deeoloriseiL Tin* lest is rendered 
still more sensitive by using a very diluii* solution of mrlfiijk’iir iliir instead 
of the solution of Rochi’lle salt ami mdigo. 'ritanium iron may 1)C decom¬ 
posed either by iusioii with potassium hvliogen sulphate and e.xtraetmg 
tlie fuaeil mass witli water, or, as proposed by llempcd,- by fusion m a silver 
erueililo with 4 jiaits of sodium peroxide. When the mass is I'xtrai-ted 
with luit water the n-fiidiic will contain all tlie titanium dioxide togi'tlni 
with ferric oxide. When it is introduced without washing into a iiiatmiim 
crucible, eoncentrated sulphuric acid added, and the mixture ovapoiatid 
nearly to dixneas, the whole of tlie tilanmm oxide will Ix' dissolved, (hi 
cooling the liquid and pouring it into a large volume of cold water a dear 
soJutioii is obtained. 

j4. The sjMrk sjxctnun and the air of litaiiium show numerous 

well-marked lines, which enable titanium to be readily identified (as a small 
admixture) in the presehco of other aubstaucea. For particulais coneei niiig 


Zritsch, anal. Chem., 47. 42fl. 


^ 76trf.,34,71. 
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thu most important lines, cf. Meyer and Hauser, Die Analyse der sdientn 
I ,dn., p. 1^15. 

Kor tiie microvhemical delcrtion of titanium, see Haushofor, Mikro- 
ReaJ:ln>/i<'n, p. 130; lleVrens-Kley, Milrochemi.sefic Analyse, 
:lrd ed.. ]>. 108. 


Sec. r>3. 

10. Tantalum, Ta, 181 5. 

1. Tanl'iliDii is a plalimitn-"iey, very dindile metal, whidi is penta- 
\aleii( m ils staMe edinpouiids, hut also occurs in tetravalent fonin The 
H|n( ifM‘ yra\ity of tantalutn \vire is oivc'U as H)-r> ; lh<‘ inellinj; point is 

In nature tantaliiin almost always oeeura in association with 
iiiolunm in minKuoiis minerals wliudi are widely dislnbut<‘d, hut only tin 
mimII i[iianti(u-s, and must, be res4arde«.l as sails of nioliic aeui and tantalK^ 
,ii id The most, iinportanb of these art' ferrous salts of metaniobie or 
11H t,i 1 ;in(.d)e aeuls, and are Unown as niolnti' (i olunduti') or tantaliti*, 
artnidin'^ to whuh of tiu' two acids prcilominaU^s. I'lie niobaU-s and 
t.ml;dat(‘s o 1 the raie earths, winch ate also important, have aln^ady been 
itieiUioiu'd above. 

busion with polassnim hydrogen snl[)liale is the best mctliod of deconi* 
|K)smc mobile and taidalite ; on bodme the fused mass willi water a lesiduii 
ul iin|iuic iiiobic and tantalie acid is left. 

2. i'niittihnn ]K u>> I'le, 'Pad).^ (tantalie anhydiide), is foimeil on i^nitin^ 
tlie hyih'Ogel of laiilatic aeid ; it is pure white < \en when heated, but when 
cuiilaimnated with a small amount of niohium ])entoxide it l)eeomes yellow 
on icnitioii, the eolout disajipi ai ing again nn cooling. Wlien luaited in the 
air the udiisdile oxide is stable anil gradually beconu's crystalline; its 
Hpe( ilie giavily depends upon the duration of the ignition, but is about 
7’.> Wtii ii strongly heati-d m ludiogeii or earbon monoxide it is redu<-ed 
to a daik coloured telroxide, wim h is reeonverti'd into the pentoxide wlien 
igmtM m the air at a ted heat. Tantalum pento.xidc is insoluble in acids, 
with the e.\<(|»tioM of a mivluie ot euiuentratcd sulphiiiie acid, liydro- 
Ihiotje ueul, and of \eiy strong (Td |)ei irnt.) bydrollnoiic acid, which 
dissoKc it on heating . iL is soluble m fused [lotassium hydrogen suljihati', 
I'Ut on boiling till- fiisi'd mass w ith water <-omj)lete separatum of th<> tantalie 
<i< id takes )ilae<\ this i esuliie st ill containing adsorbed sidphuru- ai i<l, w Inch 
cannot be removed liy washing, but only by ignition with ammonium 
eaihonatc. 'Pins distmginslies it fioin titanium, wInch when fiisial with 
jiotassium hydrogen sulpliatc and ticailed with cold water is solultlc, but 
tlie inctlioil <!o<'s not (‘ITih-I a I'omplcte separation, siiiee titanium, nioliiuin, 
and tantalum always have a reciprocal inilueneo u])on eacli other in solution, 
polv-acids or the like lieing fonned. Tantalum p<‘io\ide is amphoteric in 
its beliavioui. showing eonsiderahle tendency to acid formation, whilst the 
cations Ta'-'- are stalde, though not very deeidedVy’ so, in solutions of the 
salts. 

3. Tanialaks. I'aidalum pentoxide lipjiaveij towards alkalis as tho 
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anhydride of a weak acitl. Alkali tantalates arc formed by fusing tin 
jjentoxido witli alkali hydroxuU's or carhonates. an<l arc usually soluble 
in wat<T, whilst all other tantalati's are insoluble. The. alkali salts, only 
some of which have been luon* fully ii^vestigatcd, are either metatantalates 
or compoundH of poly-acicls of the type Orthotantalates and 

pyrotantalab's arc of frequent oecuncnce in natui'i’, espc'cially as fiuric, 
cerium, and yttrium salts. Smhinn h(‘.rala)tl(il<ilc, Ka^'raflOi^.'ibH^O, is of 
analytical importancs', and is used foi' the sejiaration of tantalum from 
niobium ; Mt is ol)tained as a residue <'\tracting tlu^ products of tho fusion 
with sodium carlionatc or liy dioxide ; it is only sparingly soluble m water 
(1 : 493 at IT/^; I : 102 at UXt'), and is insoluble in sodium carbonate or 
sodium hydroxide solution. 'I’he corresponding jiotassium salt is fairly 
soluble in water. ITenee potassium hv<lro\i(le is pieferable for the fusion 
of,tantalum pento.Mde. All alkali tantalatc solutions undergo pronounced 
hydrolytic dissociation; the adilitiun of acid ]»i'odu('<'S a iivecipitation of 
tantalum acid liydrogcl ; on standing for sonui tune they become turbid 
through the separation of acid salts. W hen dialysed they } ield a pujc, 
decidedly stable tantnlic acid sol, wlucb is precijnlati-d by nu’ans of electro¬ 
lytes, and espei-ially by means of dilute suljdunic acid or sul})!iui' dioxide. 
Carbon dioxide ])recipilates tantalie acid gel immediately, u hilst it does not 
precipitate niobie acid sol until after some time.' T<t>iltilir ami lunlmjtl 
is soluble in dilute hvdroelilui i<- or sul|iluuic m ids, incomplebdy soluble in 
the concentrated acids, but risulily soluble in hydrotluonc acid and alkali 
fluoride solutions ; when frosbly jnecijiitaled it tbssolves in alkali hydroxide 
solution, but not in ammonia solution. .Speaking generally, the conditions 
of solubility depiaul largely upon tiic prt'vious trealment, tlie degree of 
dryness, etc. It b'rms readily soluble lieUro])oly-acids with oxalic acid 
(complex compounds), m consequence of wlucb it <bssolves wbeii boiled 
with a eomcntrati'd solution of oxalic acid, and in tin; prcsiaicc of oxalati' 
ion only ineomjdete pK'eiiiitntiou takes place' by bydrulysis fiom an acid 
solution. Other liydroxy acids and polyvalent alcoliols have' a similar 
action ; for exam]ile,y'rc.'>7i/// precipitated lautalu; acid gel i.s leadily .siJiublc' 
in a mixture of potassium hydroxide and inaiuiite solution. 

4. Tantnhiw aalt.s. Salts of tetia\alcnt lantaluui are not known with 
certainty ; tlioseuf penla\al('nt tantalum undergo j'ronounced dissociation 
in aqueous solution. 

Tantalum jicntachloiidc, Ta('U, is formed by lieating the metal or a 
mixture of the oxide with carbon abo\c 2(Ky in a eurrent of dry eblorim*, 
or more simply by heating the oxide in ahsoiutcdy dry carbon telraclilorido 
or sulphur monoeddoride vapour. It is a yellow, solid, erystalhne mass, 
which melts at 211", and (‘an be sublimed ; it is decomposed by water, 
with tho separation of tantalie acid, is eonijdetoly soliil>lc in sulphuric acid, 
almost completely in hydroiddoric acid, and is partially soluble in potassium 
hydroxide solution. Acids bring about solution by checking the hydrolysis. 

1 Weiss and l/ind('ck?‘r, Zcitvc/i. anvnjan. (,'Iuin., 64. 05; Wedekind aud 
Maass, Znisrh. an'jiw. ('hem., 23, 2314 

* Vf. Hauser and Jx'witc, Zaheh. amjnv, ('hem., 25, 100. 
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;m(l pot.a««iuiii hydroxide by the formation of tantalatc ion. If the tanta¬ 
lum jKutoxidc contains titanium (tioxidc, litaniuni tetrachloride, which is 
\i»latjlo and fumes stiongly on cxjwsmc to the air, is juoduced during the 
jucjiaration of tlu' eliloruli^ 'Fantallyn does not form an oxychloride. 

When taiitahc acid is dissoKcd in hulioflnoric acid lanlain ////ihojliioric 
<!■ Ill IS produced; on adding potassium ion tlie salt taiitalnin ]iota.ssiuin 
lluot'ide, crystallising in iliomluc m-i-dh's. is oblaiiu'd d’lns is only sparingly 
soinhlc m iiati'r (1 : 20l> at. 15 ). and is paiticularly iin})oi taut for tlic separa¬ 
tion of niolue aeid. Coriesponding alkali tantalum lUiorules are also 
piodiK-ed l>y fusion with alkah hijdKXjcii Ihiomlc. When tlu^ aipieous 
solution is hulled, an iiisuhible l>asi<r salt, ('i’a,(.) 5 l'^, 4 )K ,, sc]>aratcs. Thin in 
a in<>t ir/hnii tiiKfiDii ft)} liuilali())i (.Mnrignac). r<ila-;smm taiTtalum 
llum ulc IS Si-aK clv volatih- when heated, and its solutions after aeiditication 
willi siiljilnine a<‘i<! ina\, thcrefoie. Ix' <‘va}>orated. and th<‘ residue ignit(;d 
witliout loss, siini' conccntiat<‘d suljihniie aiirl <-anscs separation of 
lantahim pcntoxide*. 

') of nn (ici'h'fu'd M>liifio}t rtiulniiniit/ ln)ifi)hr and. 

(u) .l}ri//ioni<i mill Ainnioininii. Suljd/nl, ])rc(ipi(atc tantulic acid gel. 

lf\dro\y acids oi polyvahait ulcoliols (tartaiic acid, mannitol) inhibit 
the ]>ic( i|)itation, and cause freslily piecipitatr'd gel to rcdissolve m presenci' 
of excess of alkali (sinlal)lc method for the puiili( ation of tantahe a<‘id gel 
fioiu fiTiic oxide, load anl[)hale. etc ). 

{b) When a solution eontaiiiing <‘\ee.ss of hi/'hojifoi-ir and is botli'd an 
uisohdilo liasie salt is ])ieci[)itatr‘d ( Mai igiia<-). 

(r) (UdI-iiiil lii/rhii-f ])roduecs a light Iirown coloration, but only after 
aciiiilieation m tlie ease of alkaline solutions. 

('/) I’odi-'^siKiii f 1 rot ifmnih' pi odiiees a yi'llow coloiatioii, wliieli, however, 
does not appear iii the presi-iu i' of arsenur ar id, oxalit; acid, or hvdroxy 
acids, 

(r) A reduction (and change in colour) is iiof pnxluced by /me m acid 
i-olulion ( DistimUion from litanatc and niobale ions.) 

(14 IhjdiOfjr)) 'jxio > {(It docs iml prothice a \(‘llow' coloration f<listmotion 
tiom titanate, cerium, and mobate ions); the resulting < oloni'l<*ss j>crtiLanat<‘ 
is U'adily solul>l<‘. so tlial a mixtnri' of sulpliuiic acid aiul hyiltogi'ii jieroxide 
idw'll s dissolves tantalu- acid gel w ithout ildlirnilty. (Method (o bi- usi'd for 
Hcp.uation from lead siiljihatc.) 

•5 Alkali jdioxidiidr dissolves tantalum jicntoxide in th(‘ outi'r ilamc 
feiiiiing colouilcss beads, which have also the saiiu* appoaivanoc wliih- hot, 
remain the same in tlu' inner Ilamc. and do not lx*come blood-rcd on tlu^ 
iuldilion of ferrous snlphabx (Distinction from titanium dioxide.) 

>■ The microehemical detection of tantalum ia basixl upon tlio observa- 
tioii of the minute crystals in wliieh }>otassiuin tantalum lluonde, and 
Podmin tanlalate can b(“ iibtaimxl (ih*(ir<'ns-Klcv, MiknM'he/nixrfie jivalyne, 
■hded, p. Hanshofer, Mikro^AcoimrhH Htakiiovcn, p. lOJ). 
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Skc. 54. 

11. Niobium, Nb, 0.3'5. 

1. In the pure (x>ndition niobium^ in a nianganeao-grey, fairly ductile 
metal having a .specific gra\ity of 12'7, and rnelling at 11)50'^. Tt occurs 
ill its coniiiouuds in the di-, tn*, tetra-, and pentavaleiit condition, but 
only pentavalcnt niobium is of essentjal impfutaiico. With regard to its 
occurreiico and the dccomposilion of niobium minerals reference may be 
made to the Btatements about tantalum, m association with vvlneh it is 
almost always found. 

2. Niohiinii priilo.iidr, Xb.^Oj, is white, can bi‘ obtained in oryHlalbne 
form, ^nd when heated tieconus transitorily yi llow. (Distinction fioni 
tantalum]icnlC‘Kidr.) llsspi'c liic uravityis (Distindion fiom tantaiiim 
pijntoxide and means for tlio a])pio\UTialc I'stiniation of llic lelal ive amouiUs 
of l)olh o\id(“S in adim\linc.) W’lii'U stionglv ignited in bsdiogen it yu'lds 
black niobium tetroMile, Niijt),,, whilst when fused wilii magnesium it is 
convauti'd into tin Irioxidc, NbJ),. 'I'lie conditions of solnlulily and 
chemical piopeitics of niobium pintoMdi' eoii’cspond to those of tantalum 
pentoxide givi-ii ahoi i', an<l m cordingly niohiiim is also amphotene in its 
behaviour. 

2. Nuihtilc.^ in their gctu'ral behaviour and mode ol formation are 
completely anologous to the eorrespondnig tanlalales. When tlie produet 
of the fusion with sodium earhonate is (‘\traeti‘d a residue of sodium 
metaniobate, NaXhOg.dll/), is left; tins is moio than twice a.s soluble 
(1 : 20t) at 15", 1 ; 75 at MKt ) as llie eoircspoiidmg sodium luixatiiutalati' 
formed under the same eondilions, so that a method of s(‘|)aration may he 
based on this dilfeunee m solnlulity. Xiobie acid sol may be <listinguishe<l 
from tantalie a< id sol l)\ only being ])r«‘eijiital(“d b\ earlion dioxkle after a 
considerable lime. The greater stahilit\ of niohie acid sol is also sliown 
by the fact that tlm liyiiiogi I is less readily precipitated on the aildition of 
dilute acids, and that after piei ipitalioii it is more soluble in eonecnlraled 
acids than tanlalii; aeid hydrogel. When ahsolnlely juire luolm^ iVid is 
fused with ]«)tassium hydiogen sulpliale. and the mass dissolved in water, 
a sol, whudi IS not eoagnlati'd evim on long-contmued boiling, is obtained 
(Meyer and llanser, (or. < il , p. IS2}. Imt the piesmee of a small amount 
of tantalie aeui eauses the jireeipitation of a granular, sparingfv solulile 
gel containing aiisorhisl sulphmic lu id. and tins is usually obtained on 
extracting with water the piodnct of lli«‘ fusion with potassium hydrogen 
sulphabu since th<‘ two acids nearly always ocenr m association. In the 
compIeUi absence of tantalie acul the pi'eei[atalion of niohie acid gel mil}' 
be efieeled by the introduction of sulplnir ilioxide. 

4. Niiflriinii. su(/s I'losidy resi'inble ianUilum salts in tlu'ir giMiera 
behaviour, (he piinetpal jiomts of <lilb‘ieuei‘ l)eing as follow's: Niohiun 
'peiiV'xidc, whieh forms yidlow jtnsmatic neeilles, melting at 194” am 
boiling at 219 5‘, is [irppari'd in the same way as tantalum pentachloritl'- 
but there is also simultaneously fornu'd an oxychloride NhOt'lg, wlm l 
sublimes at 400’ without uudtmg; this volatile basic chloride is als 
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formed hy lu-atiiig Uic [H'lUoxide, Nh.^Og, with vapours of the peiitacihloride 
or m a eurreiit of hydrogen eliloridc. When NltCI^ va|)oius are jaisscil 
thioiigh a re<l-l) 0 t tube tliey ar<' ch'eoinposed into ehlonno and Irlack non¬ 
volatile! va])otns of niobniin tnehlorwh*. NbUlo. whieli arc not dc<'oin]H>.sed 
Ijv uate-r. Niobium pentadilorulc is decoin[>os(“d by water, niobic aeul 
being separated, and more or loss niobium ion, aea onlmg to the conditions, 
being dissolved. WJion boili'il with liydroehloi lo aonl and subsequenti\’ 
tir.ited uitli water, both the eliloridc and oxychloride >K“ld clear solutions, 
winch do not give a jiiecipi tali' witli sulphuric ai'id in IIk; eold. (Distil let loii 
from the solutions of (lie coi lespoiidiiig tantalum salts, whieli are readily 
precipitated.) , 

Xoimal poluHsimn iimht/itn Jlnondf, K_,(NbF 7 ), is produced on adding 
potassium ion to a solution of iiiobie aeid m hydrolluone acid eontaming 
an excess of tile latter a<'id , th(‘ salt is soincwliat more soluhle than tlie 
I'oricsponding lanlaluiM compound l\.,('raF,}, winch is isoiiiur|)hous with 
il Solutions contaiiiiiig less li\dro(luoiic acid vicld potassium niobium 
owllnoiKh', K.fXbOhrJ.ILO, wlin-li crvs(<illiscs iii namcous plates and is 
soluble in 12 o paifs of water. A mcliiod of s«'paratioii miglit be bascul on 
tlic t onsidctabli* dillciciicc m soliibilitv of potassium tifaiiiiiiii liiioridc 
(I !Mi at lb ) and pol.issnim tan 1 alum Ijiioridc (I : 200 at 12 ), if it u<‘re 
iiol tor IIk' f<u‘t tluit the two salN <t\ stallisi' isiimeirplioiislv'^, winch makes 
a complete .scjiaiation m tins way impossihk'. Wluii solutions c>f jiolas- 
siiiiii 1 loluuni ovDlnotidc aic hoilcd, mmstiongly basic but, as a lule, 
moio soluble conipoun<U ait‘ loimed by li\dro|ysis (im])oitant distinction 
lioiii tantalum), aflu 12 lioiiis" boilmg, with renewal of tlie evapoiated 
water. Ki’uss and iNilsoii ^ obtaineil a (b^posit of micioerystailiiu? nii^bium 
dioxAiuoridc. Wlu'n u boiling, veiy dilute .solution of niobium in hydro- 
lliioiic acid IS treated with dilute iiotassiiim Ji\droxidc‘ solution until tlic 
colour of red lilmus paper begins to <'liang<', and tlio neutralisation i-oin- 
plctcd \Mlh ammonia, niobie acid gel is completely pteiipi t a ted. (I )istinct ion 
and tnelliod of sepaiatioii. lliongli only an meoinplete one, fiom titanium, 
l)ciii:it’(‘a}.“) 

b. Ill Hi linjis nf an arult fii <( .‘^ultiliau nina/ i/aih/c ai'ii/. 

(u) Anifn^.niui and nniiitanunii ■sn!phah’ gi\’c a- pn'cipitalc of niobic 
acid hydrogel emilaiimig atlsorbed aiiiinonia. 

{!>) I’ola-vt-ta/iijf not'i/iiiia/i' produn's in solutions of niobic acid ayi'llou isli- 
wliite prcci])itat<‘, tlie foimatioii of winch is pn^vciitcd by aisciiic, »*'.ahc, 
till laiic, and citric acids, owing to tlicsc acids toi ming coin[)h*.x compomula, 
(r) Oall-niit tinrlmv produces an oiaiigc-icd coloration ‘ in acid solutions 
of niuliic acid, but tin' jucscncc of c\cii a small amount of tantalum masks 
the eoloui. 

(d) Potassium fkiari/unah', and ziiir and h/plrorhlonc acid givt! a i)cr- 
’ hVr , 20, KiH!). 

^ ■Jdliirditr Fintsi'hr. Chnn.. IKlS.b. h)2!). » 

\\it!t rcg.ird to tin- ciiloiir icactioiis witfi nuM'[»limc'. etc. menhoiicd by 
ji'vy, winch arc alabid to bo given hy mobic ami tnntalic .icid as wi’li as? 
lit.mK, acid, SCO the n'lnaiks oa titanic acid in 8 
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mancnt goldon-yollow i^oloratioti with solutions of niobic acid. (Distinc¬ 
tion from tantahc acid ami titanic acid, Pennington.’) 

(c) Reducivg agents {e.<j. zinc or tin in liydrochloric or sulphuric acid 
solution) produce him* or Inown (H)JorationH through the formation of 
compounds of lower stages of oxidation. In the ))rescm'e of lluoridcs no 
coloration is usually ohlained, owing to tlic forimvtion of complexes. Zinc 
ami concentrated hydrochloiic a<id. however, immediately produce u 
brownish-violcL coloration in a boding solution id jiotassium niobiujii 
oxylluoilde, ami this may also be us(*d for a eolorim<tri<‘ estimation of 
niobium. 'J'ltame acid uiKier the sana* eomhlions only [iroduct's a faint 
grwMi ^oloration after a eonsideiable time, and thus, if presiuit, a large 
quantity maj mtiufere witli the n^aetion. (Most calaui hst jor iiuibivni.) 

(/) llydnuji n /f/.m/r gives a n ellow eoloiation w itli mohic aeid li^rdrate, 
OMMiig to the formation ol peinioluc acid. 'I’Jic liyelrochlurie acid solution 
of uiohi<; acid, when treated with liyirogcn peroxide and allowed to stand, 
gives a yellow jirecipitato of jiermohie acid. Potassium niobium oxy* 
fiuonde, (K.^jNhOFj.Hdt), when treated in hot aqueous sohiimn with 
hydrogiai peioxule yields a w lute |)reei)ntate of potassium (luoropcrniohate, 
(Nhf).^K 3 . 2 IvF.lI/)), in the form of whili' scales. 'I’his compound gives 
a yellow coloration wluii tuavtcd with snlplmiic acid in the presence of 
Jiydrogen piaoxide. (A veiy sensitive reaction even in the jircsence of 
mncli tantalum.) Mclikow and Jeltschaninow, t’/aai. P.lOf). J., 

1276. 

(g) PoUissiuni fcrrocijeundc })rodncos a yellowis!i-whit(! preeijiitate, tlic 
formation of which i.s not prevented hy arsenic, oxalic, tartaric, or citiic 
acids. 

{h) Qall-mit. cxlrnct produces an oiaiige-icd coloration. 

(i) Alkali phosphaU dissolves luohiuin pcntoxuhi readily, forming in 
the outer flame a bead, whicli so long as it is hot is colourless, whilst the 
bead obtained in the mner liana; has a violct-hluo or brown colour, accord¬ 
ing to till' quantity of the oxide added, and is red after tlie addition of 
ferrous sulphate. ■' 

(A*) vucro-che}inc<d dtiictkov of inohiuni is haseil iijion tlie production 
of minute crystals of sodium moliate (Haiisliofer, MthoskoyiscM Ucaktionev, 
p. 104 ; Bclnens-Kley, MArothenihscltc J/a///yxr, 2id ed., ji. 141). 


ISeo. 55, 

Snnmury and Rnnarks on Hare Mcvdnr't of (U</up III 

The sepaiation of the raie inembem of the third group from one another 
and from aluminium chromium and inemlK'is of tin* fouith group, which 
separate simultaneously with them in tlie eoursi' of tiie analysis, is desenbed 
in Chapter 111. of the second pail of this hook (J<o. 60), where it is shown 
how they may be se]»trfated in the form of suh-groujis. In tliis section, 
therefore, it is only necessary to give the most important methods for the 


* J. Ann.r. Chem. So(., 18 , 28. 
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s;cparation of the* nieinhcrH of tlio diflcrcnt siili-^t<ini)s from otio aiiollicr, so 
tar as lliis is possible, by itK'ans ol (uditiary <|iiali(ati\e analysis, whilst 
ir‘feienee may he made to the information givi-n in ihc' piei-cdmg seetions 
m deciding as to uliieli oilier olem^nls the riidi\ nlnal leaetions might alsc> 
apply. It may one<‘ more he I'lnphu'^ised that a niirnlK'r of these rai’c 
(•Irrnents eaniiot lie sc'jiarated all from the others, or ih'teited m their 
pres(“iie(‘ hy th<‘ ordinary inetliod of ijiiaiitative anal\sis 

J. Earth metal acids. The mixture ol lh<’Ihree ael^, of titame, niohie, 
anil tantahe acids, as ohiamed by fusion with alkali hydrogen siilphati', 
dissolv ing till* lirsed mass in natei- arul hoiling t h<“ solution.' is waslied 
with water slightly ai idilied witii siilphm ie aeiil and eonlainnii.'* a little 
snlpliiii' dioxide li, as may be tlie ease, in the exaiinnation of tii<“ pi’odiiet 
of the fusion of a mineral willi polassiinn liydrogi'ii sulphale. it is neeessary 
to reitiov e admiMMl gangne or iiieom |ilelel\ <l« com posed [i.ii t n les. either of 
the following methods may ln^ nsial : (a) The snhstanee is (leated with a 
nnxi me of I'ljual pa I (s ol Iti pet l ent . siilphni le and and 11 |iei ( nit h \ drogeii 
peioxiile. wheieltv the L'els (»f the three earth melal aeids {and aNo any 
li'iiic oxide, slainne oxide, (ungstie .letd. Jind /.ll■eolllllm oxide piesent) ai'C 
dissoI\ etl. (111* solnltini IS lilleied, anil t he f hie<‘ L'els lejnet ipilaled hy hoilmg 
from tlie liltrate uhieh has lieen ;:i-eatl\ diinteri ;ind treated with sulphur 
dioxide : or {!>) d’he lieshly ])r< ('ipilat<-(l g( Is a.re dissolved oil the lilter hy 
means of an alkaline sohitnvii of mannite (ir» to I’tl pn end KlUl, 10 pn- 
lent of mannite). Any traces of tenie ainl lead ions in the (iltrate are 
piceipitatiMl from the alkaline solution h\ nuaiis of .immoiiuim sulphide, 
and the three eatih mei.d anils aie (hen ieptenpi(al<Ml hy lunlinir llie 
■solid ion aft<-r and 1 1 ii a I ion w i(h sulphni le and ainl I In- addit ion ol Mil|ihnr 
dioMih-. 

The following methods ma\ he used bn (lie seiuiialioii of iSU'lll llU'lal 
arid yels which have heeii fieed m this wa; iiom impnidies ' 

^ A. ScjJUi'fl/ou of J'ttaiiiini/ l/o/n Fiohinni am/ 'I'aii/a/iiiii 

(a) The ilillereid eapaeitv to uiidngo hvdiolysis in snlplimie a< til 
soltdioii aliords a means ul sepjiiation, m wliieh, liowiwer. onfv pail of tli<‘ 
limine and is jirenpd alcil in the cold, and inv ai ial>Iv eai in'. d<<w n with it 
s<‘ine titanic and.- 

'I’he mixtiiie of the tinee gels is ill-.-.olv ed m dilute li Mliotiiioi !'• and, 
and I he solution, wliieli should eotdani oiilv a very small junoind of Irec 
hvilrolluoi'ie acnl (a huge excess matenallv inneasing the soliihihtv ol the 
[lotassium tantalum Ihnn-nle) is hoileil for a eonsiderahle time. I'ho whole 

the lantalie and is h'lt as hasie doulik' lluoi ide, ('I’a.jfto h"i i* i^e 
I'esidiu', whilst titannmi and niohmm douhle liuotnies remain in solution. 

‘ t'oniplete sejiai.ilioii of /ii<‘onu' .U'lrl is imt always elle<'tod by hull -l_\sis 
ni heiJinir tile siilplmi le and '.oliil loti .Stml and I'raii/^ (./ pndt ('h< n\ . i08, 
e>) obviate tile simultaneous pienpilatmn ol /irro.tu’ and by treating tlie 
'■I'll'hiiile and solution w ith an eipi.i! volume oi .leetu- and and boiling d lor 
to lu boars. 

' ty. l‘ait II., (’Iiai) 111 , No (ilk 
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Tins \\}ii<-h ong'matoti with Jlangnuc, tiniy In- used both for the 

s('})aialu)ii t)t snuiil aujounts ol titanic- acid troni tantahe ac-id, and is also 
<d |)iunar^ iinpoitaiioc foi' tlic scjiaiation of niobie and tantahe- acids. 

{<■) 'I’lui niixtuic ol t)ic Unci' a<-ids hised uitli sodnnn carbonale (also 
as suggested l>v iMaiignae), ulicieb\ j>oly- or inetatantulates, soluble in 
ualer, are foiiiied, ulnlst ttie titaiue ai id leinains inidissolved on treating 
tile fused mass wilh water. Tlie piesenee ol tlie oilier two acids, however, 
reduces the insolubility of the titanu' acid to some exleiil, so that this 
method, too. does nol elleet a complete si-jiaration. Nor docs the addition 
of a little sodium iiitiate to tlic clear mass, when in a stab; of nnifoim 
fusion (W'ciss and l.ande<-kct '), jircvent a (oinidciablc ipiantity of tilainc 
aeiil fiom dts.'-oK mg. whilst, on the other hand, the kskIuc of titanic acid 
invafiably still eontams niobic acid (lluusci and Lewitc - ) 

"’(d) The inixtuic IS fused w itli lour to li\c times its ijuuntit \ ol potassium 
carbonate, tlic mass dissoh lal in water at about tH) , and the solution tieated 
with salicylic acid in the pioportioii of about tliicc tunes the (juanlity (4 
jxitassmm caibonate used, and boiled for d to 1 boms, whereby tin* whoh' 
of the. titanic aeid is dissolved, whilst insoluble eompouiids of hantalum and 
niobium letnam uiidis.s<»l\id. Uy igniting the lesidiie, Uision willi potas¬ 
sium li^drogen sulpiiate, etc., both acids are oldanicd in a fairly pun; 
condition. 

(r) A metliod wlncli is usuall\ loo involved, at. all events for (jualitativc 
analvsis, is tliat ol Knop,‘ wlmh depinds upon the gicalcr volatility of 
titanium tetiaelilomh'. Jt a cinrcnt ol i .o bon tetrachloride is made to 
aet upon a mixtuie of the Ihiei* eaitli metal acids, licated to ledness in a 
quartz tube, the whole of the tilanuim teliaeiiiorule (boding point 12o') 
distils into a eonne<ted u<-eiver wlien llie end of tiio lube is licateil to a 
suitable ti-nijieratting u iiilst the eliUu ides of niobium aiul tantalum, boiling 
at 240'5' ami resjx-etively, leiiiaiu behind. 

lb Si jiiiialiini oj Snihuuii uin! Titulalniu J'lont mn: miolln r. 

Altei lemov al ol tlie titaiue aeid, so lar as this is possible by llu' methods 
given m (n) to (d), or m i uses wheie that aeid is not piesenl, the luoliumi 
inav be sepaiated tiom Ibe tantalum as follows : — 

(u) Tlie jiioeess outlmed above m A {l>)y wbieli is based on the insoiiibilit) 
of the basu; polassnnn t^mtalum lluorule pieeipitaled on boding the solution, 
is a very irustvvortiiy inelhod. 

(/j) A method is based on tiu' s[iaring solubility in sodium carbonate 
solution of sodium he.xatanlalatc, obtained by fusion of tlie mixture with 
sodium eaibouate. lu tlie proeess ot Weiss and Laudccker,* as modilicd 
b\ Hauser and Jwvvite, the nn\(‘d aeuls aie fused with the smallest possible 
quantity of sodium eaibouate and the fused mass taken uj) with a little Imt 
water ; the greater jiait of the tantalum lemains insoluiile (as Nag'lacOn- 
2 o!l 2 fJ), and is lilterci* oil’ and waslied with sodium hydrogen carbonate 

' iiiio)(/ii)i. fill III . 64, l)‘>. - Z< iSrh itiHiiir. Clieiii ,25, 11*3. 

Zi'il'n'li. J. /viisdd/eyni/diK, 1, 284. * L<m\ iit. 
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.solution. Aw the lieAaiiioi)ate iw ikjL ver^ soluble, L-onsuleiublc attention 
must be paid to tlie process of solution and uasliing, and even then tho 
i.sidnc will nivaiiably eonlaiii some niobate ; m oidiu' to se])aratc this, at 
;ill t vi'uts to soiiu' <'.\tent, the fusioii^liould he lepcjifeil. '['he small amount 
ot tantalie aeid lemi'iiiinc m solution may be ['i<‘ei[)ital< (l as h\dro.\nle l»y 
llie introduction ol cai boii dioMih' (See. oil, IM. but. must In* liltered oil nut 
I.iter than an hour atti i [•ieei[)itation. 

For the identiHi atu>u of tlie eaith amd metals sepaialcil 1)\' tlu* pre- 
I cihiiy mctliuils icicHiice ma^^ be made to tlu' uaictioiis described in 
Se( s. ')!, o3 and ol, but it may be cmipliasised once more that the most 
trustworthy test lor haildl/nn is the precipitation of the doulje hasic 
Iliionih' horn a hoilunr .solution (S<‘c. f)!!, 4). N'lohmm may b(' deti'otial 
with somi“ dccj<'i> ot <‘<ttamty m the pK'sciice of minute (jiiantities of 
(itanmm h\' th<‘ heha\i<im ol its jiotassiom o\\lluntidc towards /im^ ^ind 
(isicfid lutisl luabiii liloiie ui id (See o4, 0(0- 'This reaction is also miicli 
iiu.'ic tiustwoitliv lot its ih'tcciion m the piesrivc of tant.dum than the 
(httciriit <-o[(.)i.ition nhlained witli call-imt. tincture (Sees. .”>((’). ami 
.■)[, o (r). 'The yellow i oloi a( ion ol)1 aimsl with h \ dioyeii |iei oxide, w liieh is 
dc-,( I iImmI 111 ilet.nl in Sec. r>-J, d. alhu (Is a most < crt.nn icactmii tor t dam urn, 
whilst the colour icaction with eluomotiopie acid. ei\cu m See. 52, S, and 
lliat witii j»\I'oeatechol arc also e\tiaordiuaril\ s(“nsiti\(“. 

2. The separation from aluminium, chromium, and beryllium, which 

ate olitaiiiei.l together m mo sid»-m-ouj) in the course of the analy.sis (c/i 
bail 11 , (’ha]i III , No. (>0, t and 5). lias already heeii dealt with al>o\e 
(^ec 12), so lai as eoiicetns the two hrsl. Ify takmc adianlaye of the 
dilfcieid. bi'havioui ol lh(“ jiutassium iiydioxith'solutions ol the subslanee.s 
oil bolllilLd d IS [lo^sdiie, [irovided t hat tile llipild is .siillicM id l\ dilute, to 
I'iccipitale heryllium tiydixixide and ehiomie hydroxide locelher, and to 
''C|>arat(,‘ tlu- toimei hy means ot one of llic methods outlme(l m See 12, 
which dispend ujion Ihi; oxidation ol th<“ cluomie ion, lolIo\\e<l hy po'cijii- 
t.ilioii ol tlu' beryllium ion as hydtoxidc If tlic aluminium and bciyllium 
leiislue iiist scjiaiatcd togidhci fiom chiomnim by oxidation of tlic iattc'r, 
tile iC'ultmg <ih(iiiiiini)ii and h( ti/llinm livdioxidcs max then be scpai.itcd 
h\' means ol thi‘ icactioiis dcseidK‘(l m detail in Sic. 14, 4, I, 5. 7, and d. 
The ciystailinc iirecijutatc obtained with diatimiomuin hydrogen phospluite 
alloids t.iie host, mc.ins of idcntilxing lieiyllium ion (Sec. 44, 5). 

4. Separation of ceria and yttria earth metals as oxalates. 77c/r 

fiom (li<» lui/i i>ii Ilf "IK! /idnil, kikI Innit i:\rriiniiiiii, lx i i/lhuiii, 
<iliiininiii/n,an>l rhiiiniiinii,<inil iil-^o Jimii nicinhi/'-•< of Ihv Jonilh <jroiiit o)i Ilf 
"Uur Intuit. 

Ill the analytical process all thi^ memhers of tlui tfnid and fouith groujis 
iii'c ohtaincd togctlu i in one precipitati' When this is dissolvisl m a.ci<l 
the ions of the ci-na and yttria earth midals, together with thorium nni, 
may hi' precipitated Irom tlie solution (if ni'ce.ssaiy uftcr separation of 
'■aitli metal acids I’art I!., Chap. III., No lid,* I ) as oxalates, and tlu' 
iiicmbi'fs of the fouith izioui), together witli aluminium, chromic, beiylhum, 
■uid /ireouium Ions, ohtami'il ui solution. 'I’he lliorium m.vx be cyfiacted 
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from tiiC! prc( ij)itat(5 by moaiiH of liol auiinomum oxalate solution (Part 11., 
Chap. 111., No. 00, 5). 

4. Separation from thorium (zirconium, tetravalent cerium, and 
titanium), from trivalent ceria eartfe metals, and from yttria earth 
metals. 

(а) Sodium 1 liiosulpliat«‘, {!>) potassium iodate in ac-i<l solution, and 
(r) sodium hypopliospliiito juiM ipilate ihOTlwnif Aironitiin, and I'.eric ions, 
and also fitinninn ion. 

Simultaneous lutripilalioii of eerie ion can usually bo previ;nted by 
previous rediK-liou to the trival<-nt form. For tfio methods of .separating' 
tlioniim^ion from tin* otbei ions simultaneously ])rocipilat<“d by tliose 
reagi'iils, or of presentiii}.' the [uveipitalion of these ions, refereneo may bo 
made to the indiMdual rc ictioiis in ({uestion in See. 14 (('specially 5). 

BriniihiiIII. loll beha\es like thoniim in the tinosulpiiato reaction. It 
is also preeipitated by J)oli^^slum lodate, but flu* proeipitate is solubh' in 
nitric acid. 

((/) lli/'/rixi'H jxioiii/r pi-eeipitales l/io/mni- Kni from neutral and 
sliglitly aeul sohituui. uliilsl it also )irei ipilat«'s y.iieonmm ion more or less 
eompletels. aceordiii^ (u liie naliire oi the anion jiresent. ( Viio lou may 
bo partly ledueed to tlu‘ trualeiit eunditUHi and ])arth eonvertod into tin; 
tetravalent condition. In the latter form it is precipitated as liydroxidc 
hy ammonia. 

T). The behaviour of the sulphates or double sulphates may aitoni a 

means of sojiaialin^ llioiuiin ion from the ions of tlio otlu'r raio I'ai tli nu'tals 
(See. 44, 7). On th<‘ othei liaiid. llu* double Miljiluvtcs may be used for tlu‘ 
sepdriiliav <>J'Ihr ijlliiii. itinl riiia niilii imloli', and also lor llu' soparataon 
of the individual inembeis of tliese .sub-yroups, lull (h<‘ pioec-ss is a }>re- 
paiatory one rather tlian a metliod of anal\tn al separatum. 

G. The double nitrates may Ix' us(mI m a juoeess of Iraetional eryslalhsa- 
tiori for [Uirifyinf' the dillerenl (‘leuu nls. luit aie not suitable lor analytical 
8('j)aration m the ordinal y meaninji of the term. 

7. The separation of cerium from the rest of the ceria earths muy be 
elfeeti'd by metliods based upon its eonvausion into the tetravalent toiin 
and the dithuvni reactions vslueli it then gives {< /'. 4). Oik; of the tullowmg 
methods, for e\am]»le, may Ix' u.si'd fur tlie oMdalion and separation of 
cerium : ’ (u) 'Plu' acid solution of tlie chlorides of the eeiia earth metals 
is ru'arly neutralised, without, houever, (‘aiising a permaiu'nt preeipitah' 
to h(i fonni'd, a siiKieient ([iiantits ol sodium aec'tate, and an excess of 
sodium hypoehloiite added, and the wiiolc' hoik'd foi some tune; under 
tliese conditions emu- ion is pn-eipiloted as basic e(-iie aei'tate (which must 
be washed with sodium ru-elate sithition (I’oppand Frk), whilst the 
remainder of the eeria earth ions, with traces of terii, um, remain in 
solution (Popp, Ann. ('Ik in. I'hnini., 131, 3G0)). 

(б) The HohiiuHi is trc'uled witli potassium liydroxide, the precipitate 
w’aRlied and .suspemh'd In potassium hydroxide solution, and a (uirreut of 

’ See alM) the detailed de.seiiplion in li. A. Meyer and Abegg’s liandbuch, 
Vol. ni., P,iit I., p. 171) it bcij. 
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i lJorinc introduced. CVtio hydroxide ia left undisaolvcd, whilst the other 
ceria oartli metals dissolve as chlorides or hypochlorites (Nosatider, Dainour, 
iuul St. (’lair Deville, Campies rent!., 59, 272; cf. also Drosbach, Her., 35, 
15(2(1). 'I'lie lesidual juxH ipitate is^/ery impure, so that only by frequent 
repetition of tlie process can a coinpleto separation bo elTectcd. The 
metliod may bo of use, liovvever, for tin* separation of small amounts of 
ceriuin. 

{<:) 'J’he mixture is dissolved in an excess of strong nitric acid, tlie 
solution boiled with h'ad ])eroxi<le, and this ri'sulting orange-yellow liquid 
evaporated to dryness. The residue is then lieaUsd until part of the acid 
has evaporatisd, treati^d witli water, acidified witli nitric aisid, ^nd tlio 
iiisohilile residue of basic eisric nitrate separateil from the solution, which 
will contain all the lanthanum and didyiniuui ((bhbs, Zi ilsch. anal. Churn., 
3. 3'J()). Ill using tliia metliod it should he nohsl that the lead ion mMst 
1 ) 1 ' icmoved by means of liydrogcn sulpliidi' from botli the residne and tlie 
solution before tliey are sulqectcd to further triNilmeni. Aeeording to 
Knorre the oxidation of tlic cetie ion is iiicompk'.te ; totroxidc and 

nilric .'u id oxidisi' it eomiiletely (Wagner and Muller). 

(f/) 'I’iic solution is tn'ati'd, while' eontiiiuaily stiired, ivitli a solution 
lit eodiiiMi jiorovide m ice-wati'r; tlu- re'ddisli-brown |)re(‘i[)itat(' is washed 
l)\’ decantation with hot wati'r, arul, afh'r the lujuid ha.s bi'en drained off 
(>y siiclioM, IS dissolvi'd in nilrie a<'id. On adding ammonium nitrate the 
< criuM may then be in ccipitated as ('(‘rie amimmium double ml rati' (Mengel, 
Z' f/.''' // if/io/r/u/i. t'Aciio, 19, 07). Ihssai jewski reeommemls the addition 
of li}’drogcn peroxidi' aiul of ammonia, botli in tlie cold, to tlic ai id solution ; 
(liis cITects <‘omplel(; o'vidation and on subsi'qm'iit boiling of the lupnd 
complete precipitation of the (•cmiin a.s c<‘ric hydroxide, wliieli may tlu'ii 
be treated as deserib«'d above. 

The prr.y, lire of a un m may be delectiMl by Ihc' yellow to red coloration 
"f its compoimds m all easi'-s in whieli it occurs in the tetravah'iit form. 
If these colorations an' not dirocllv visible in a subshincc which is only to 
b<' tAb'd for ceimm wiDiout separating it, oxidation by mi'ans of pcrsul- 
pliatc in acid solution may la* ti.scd, in addition to the ahove-mentioned 
icactnais, and the K'SiilUng <.(;ric ion may tiion he n-cognised by its yellow 
coloration. 

t'or the detection of small (luantitiea of ei'imiu it is advisable to employ 
the H'aetion deserilied in (d), by adding dilute ammonia solution to tlie a< id 
solution of thi' (‘arth metals iinlil a pennanent precipitate is just formed, 
and then adding the hydrogen peroxide. Under these conditions the 
pU‘ci|»itate of hydroxide, enriched by the partial precipitation of <*eiunn, 
"ill slvow a distinct >''*llow (‘oloration, wiiilst in the absence of cei-ium it 
"ill have a bluish-white appearance. 

Neodymium ami praseodymium and the other so-called “ eoloure<i ” 
earth metals may Ik* ri'adily and certainly detected by means of their 
•tbsorption spectra * 
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Kouutji <tKOIIP. 

Ions of the Heavy Metals, the Sulphides of which are soluble in 
Acids. 

Members of frequent oee.urrencc; Zinc, Manganese, Nickel, 
Cobalt, Iron (as feirous and ferrj<^ ions) 

Members of less fre(juont oecurr<‘ne(!: Uranium, Thallium, 
Indium, Gallium, Vanadium. 


• TiO. 

(’[rAKA( ’I'KKisrics on 'j iik Gkotji-. 

Position in the periodic system.- -All tlie memlters of the fourih 
analytical }:;ron|i are pronounced heavy nedals Most ol them occiipv 
a jtlaee in (he middle of (he first ^n<‘nt pcii(ul, in winch they directb 
folh)\v one anotlier from vanadium to uallunn in a series iiibuiupf.cd 
only by cliromiuni and cojqier, with '^allium are associateil llu* 
analogous higher nieinlaTs of the third eioup of (he periodic system, 
indium and thallium Lastly, uranium, whu li also heiongs to tlu' 
fourth analytical grou]). o('< upies a position in (he jK'iiodic sy.stem 
far removed from th<‘ others, but from an analytical i)omt of mow, 
hovvev(‘r. only (he piopmlies ol (he cation I'Oo are of importanci', 
and those agree' closelv wit h (hose of (lie l•(‘st ol tin' ions of the group 
In accordance with tlu'ir ] ms it ion in tlu' ]m'i lodie s\ stem the members 
of frequent oeeurrenee all show great similarity iu their liehaviour. 
They all occur mainly in a div-dent foim. in which they arc also so 
positive that tliey sltow' oiilv the slightest, if any. t«*ndcncy towards 
hydrolysis. The individual uu'iiilx'rs do not differ very greafr’y as 
regards their positive character. .Manganese', is the most strongK' 
('loctroqiositive. ziim the ne'xt. and then ire>u, ceibalf., and uiche'l, 
wltich also are [)aif ieuilarlv chise* to one^ anothe'r iu tlieir orde'r of 
tension Zinc oe-eurs only m the divah'nt feuau, and has an ampho¬ 
teric character, whilst the four others aie only met with as cations 
in the divalent form. These four :dso (Mcur in the trivalciit form 
(iron in very important conqxmnds) In this form they are slightly 
positive, .show a tendency (owanls hydrolysis, and eoinbine with 
oxygen to form anions. Maiigane'se. iron, and to a less extent also 
cobalt and nickel, occur in still higher forms of valency, in whieli their 
tendency to combine with oxygen [o form acid radicles is shown to 
a still more prop ' 'd <'xtent. In this rosju'ct vanadium closely 
resembles many close 
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siniiliirities with the members of the third analytical and ])oriodic 
;;roii|>. to which latter gallium, indium, and thallium also belong. 

The four metals which stand next to each other, manganese, 
ii'oii, nickel, and cobalt, show in sbme cases a particularly pronounced 
tendency to form complexo.s, and in this respect vanadium agrees 
with them. 

Analsrtical character oE the group.- The ions of the fourth 

(ttiiili/ltcul tjnmp are not precipltdtal by /n/diotjfii .sulphide in the 
pii'sence of a consideiablc amount of hydroffcn ions [i.e. from solutions 
wliirli contain a sullicieiit <juantity of free acid) ilvdrogen stilplnde 
|)i'C( i|)dat(‘s the iuns of tlu' fourth group either not at all or in- 
coinpifli'hf, or onlv under very deiinite conditions completely from 
Anjlillij arid or uratiul .eolations (in wldch hydrogen ions are formed 
tlii'ough the drroniitositiun of tin* metal salt.s by the hydrogen 
"ididiide}. hut. on 1 he otlu'r hand, ////f/on/c/? .sulphide |)rcri])it.ates them 
(•<»Mi[i|cti'ly Irom all.ahne solufion.s, and alhalt salphule preci|dtat<‘S 
lh<*ni from alhalnw or jirat/al .solat/ons.^ The resulting jireeipitates. 
Indi.itiMl .salphidrs, an* insoluble m watm,- some are easily soluble 
III dilute acids, and othcis (nielod ami cobalt sii!|)hid<‘) are insolulihy 
u liiht ino.si of them ate tnsoluhh\ suiiu* (ni<-kel suliilddc') un<h‘r rertam 
I oiiiht ions slightly soluhh* or (‘ven eoin|detelv soluble (vainnlium 
''Ulphale) in solutions of alLah .sulpindr.s. 

The ions of the loiirtli group are, tlnucdorc, distingiiislied fiom 
tliosi' Ilf the. first gio\ip hytlie fa(T that they uva ])recipitat<‘<l Irom 
llii'ir solutions l)\ amtnomnm sidjiliide ; from those of the si'.cond 
ytou[) hy the fait th.it they giv(‘ pvecipjtati's with ammonium 
.sulphi(h\ whilst I 111' ions of the second group an^ not pri'eijiitated, or 
air itiily precipitated in t he prcsen< <‘ of < i*rtain anions (r H phosjdiate 
t"n). and tinm m the lorm nf insoluble salts (phosphates. hora((‘s. etc. ); 
aiiil from the ions id I he t hint grouji hy the fact that the priM ijulat.i's 
l>rodui ed by aninioiiiiini sulphide ar<‘ sul]hidos, and not (as iii the 
< else of aim Minium ion, eliroiiiic. ion, ele ) hydroxides. The hv< 1 1 oxides, 

‘ llir \ci-_v < li,il.ir(i‘Ms| !<■ licliiU null (it \ an.nlium, SCI- .See. (iS, \ It 

H (llllllll fill 

wlictlin ^pilhiMii IS leii.llv {n'(‘i'i|nlitl(M| as siil|ilii'|(‘, .since it is inily 
tici i]ntal«'(l siiniill-LncotisK' with oilier metals. Possiblv it would Ix' morn 
' el tei 11^ IIK Imicd 111 tiu* tlind aroup ((/. .Sec 1)7). 

“ 'I’liut IS to sa>, i)iMetieall\ iiisolulile, siiu t* their solulnldy is always stdl 
■ihoiit iL hundred times as great a.s that, of the .siilplude.s of the lifth atial_\lieal 
itroiip ; r.n this iaet depends the ditterenei' hetween the Ix'h.iviour of the two 
ftnuijjs in acid sc.ilutioii, m w'lin h, m the ease of the sulplinles of tin- fonith 
analytical group, the cKtietm-lv slight concentration the .S" ions is no longer 
sulhcicnt to exceed tlic solubility product {(/. also the refciem os quoted on 
P I lb, and Part 11., Chap. HI., No. is ; also p. 21U}. 
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carbonates and i)ho8pIiates of the elements of the fourth grouji are 
insoluble in water, 

C 

Special RKArrnoNs of the Members (u-' Frequent OcruRUENci-; 
Sec. 57. 

(a) Zinc, 7ai. (ircST 

1. Zvtu'^ IS divaleni. Jt has a specific: {gravity ol to 7‘2, and 
melta ?.t about 419"’. In tho inrtitlhc condition it’ is.liluish-whito, 
highly lustrous, and when exjioscd to tin*, air becomes coated with a 
thin layer of basic zinc carbonate It. is of luediuni hardness, ductile 
between 190^ and loO'. but otlnuavise nion* or less bnttb*. it readily 
melts on charcoal in the blowpipe Haine, and afterwards boils (boiling- 
point 929"’), and burns with a bliiish-grecn tlame, producing white 
fumes in the air. and coating tli<‘ (harcoal with oxnle. Pitre, zinc, 
is scarcely soluble in dilute iiydrocldorii^ or sulpiiunc. acid, init 
dissolyesin very dilute nitric aciil with the evolution of nitrous oxidix 
and in concentrated nitric acid with thcMwolulion of nitric, oxide. 
Impure zinc, or zinc in contact with metals of similar elci-trolytic 
solution tension, dissolves in dilute hydrocliloiic, or sulphuric acid, 
with the evolution of hydrogen, Zn 1 2li Zn \ ll_>; for (‘.vaniple. 
Zn-|-H 2 ^(>j-=ZnS() 4 d-ll 2 . Zm<^ is also soluble in solutions of 
alkali hydro\id<*s. hydrogen lieing liberated and zincate ion formed, 
Zn [-2011'- ZntF'^ Idl^: h>r example. Zn j-2Nul)lL Zn(ONa )2 l llti- 
Zinc is tJius am|)hotenc. 

2. Zinc oxide, ZnO, and zmo hiidrojide, Zn(()Jl) 2 , arc usually 
white powders, insoluble in water, but readily soluble m li)dro- 
chloric, nitric., and suljdiuric acids. Zinc oxide be« omes hniion-yellow 
when heated, but turns white* again on cooling. When ignited before 
a blowpifie it becomes lununoiis and strongly incandescent. 

3. The salts of zinc are colourless or white, when the anion does 

not impart a colour ; some: are soluhle in wint er, otlie.rs in aculs 
The neutral salts, soluhle in water, redtlen litmus in consequence ot 
hydrolysis: the salts of volatile acids are, witli tho exception of 
zinc sulphate, which will stand gentle ignition to over TOO"*, readily 
decomposed when heated. Zme chloride, which is volatile at a red 
heat, is a strongly hygroseojiic. deliipiescciit mass with a (-.orrosivi* 
action. ^ 

4. Hydrogen sulphide does not ^irecipitate zinc iou from its 
solutions, provided that they arc ackUfied with a sufficient quantity 
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of a strong? arid. If tlir amount of free arid is small, especially in 
the ])resrnco of alkali salts of weak acids (which repress the hydroj^en 
ion (.oncentration), a white ]jrecipitate of hydrated zinc snJphulc, 
/nS. is produced. The properties of this precipitate are descrihed 
III the end of ])aragra])h (5) Under suitable conditions the pre- 
. ipitation is complete. Alkali hydro^^en sulphates only prevent 
the precipitation when pre.sent in larec amount The whole of the 
/.me ion IS prceipitati'd from sullieiently dilute solutions acidilied 
\\ith weak acids [acetic and formic, aeiils (J)elirs, Jfampe, Kunke), 
1 liiocvanie iicid {Zlmmel■1namO^ nionoehloroaei'tii^ acid (von Jlerg), 
succmic acid (Ait and -I. Schulze), or gallic atid (K. A. ljewis)j, and 
al^o from very dilute snlplimie acid solutions (E. ('. Sullivan and 
W' (’ Taylor, Zci/.-c//. ('hon ,49,097). From neutral solutions, 
according to the nature of the aiiiccns |)re.sent. the zim is precipitated 
i itliiT iiieomph'lcdy or eompleteiv, tlic‘ latter heing th«* ease when 
tlu' solution contains a siiflic n-nt quantity ol an alkali salt of a 
wi'.ik acid (c.c/ sodium acetate'), ric-ating to hO"'-00' ]u-omotes the 
.sepiiiation 

\l( thc'S(' poimIiIioiim in c-onnec'tioii with tins and tlie following inernhcrs 
of tlu' foenth gioii]) may he < \plained hy tlu* fact that wlicn through 
the piescncc of many H ions tlie dissociation of tlie wc'ak acid, hydrogen 
sulphide', is strongly icpTcssi'd, snihcic-nt S" ions no longer leinain in the 
aointioii to reacli or e\c<‘('cl flie solcdniity })roduct lZii’'l.[S"l K, not- 
wiOistunding the higli Zn ‘ eoneenl ralioii. W ith icgaid to the ic>aetion 
equation Zir 11 >S ^ ZnS | 2JT\ d may hc' pointed cent that tlie course 
ot the equation is from left to light or nrc-ro.sd, and that hence all the 
' onditions w hic-li tc'diicc thecoiicentriitumot tlie 11 ’ ions, and coi iespondmgly 
inncaso those of tin- S" anions. ]irc)motc‘ thc' foimation and pie<'qulation 
ni '/in^.sul{)lu<lc'. whilst convi*rsely the im teusc of H' ions, as by the addition 
"I a stu)ng acid, causes solution of the* zinc sulphide alic-jidy formed (c/. 
liuwi'Mi tlie work ot St. (Ilixclli, Znlsrh. imorq. Che/n., 55, 2l>7. in whieh 
It IS shown that coiiHideiable retardation may o('< ur in the* produetiou of 
''qiiilihiimii. 'I hi'ic' thus icsiilts a /a,'sc equilibrium, whilst in the ])rc»HcaK-c 
"I latalysts suc-h as ZnS, ('uS. CdS, or aftc'r a \ erv long 1 mic' scum' wcc'ks 
- cWen til faij-ly acid solutions, lunnoiiiiccd ^uc'cipitation of ZnS takes place). 

h Ammonium sulphide fmcipilates fiovt (ilkahnc and neutral 
^oluliona, and hydrogen sulphide from (dkaUncsoluiion^, the whole of thc 
'■>ec 1(0} as a white pneifnlttfe of h/f<h<ded, zinc .sulphided Ainmomum 
' hlcu'ide has a e.onsiderable iidluenee in promoting the separation. 

' •A' cimliiig to (ihxclli ctl.), this is ^-zme sujphiclc, whicli coiilains a 
l irLTcr [iKiporlKtu of wator. and is about tour times more solidile ui wat<‘i than 
a ''iiic MilpliKp*, w tm-li IS loi iiiril in acid solutions, and into which it is gradually 
’•'‘iiverted. 
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In tlio case of very diluU* solutions, t!i<^ pKM ijuiate only separates 
after standing for a Kmg time. It is not solulile eithi'r in excess of 
amnionmw- cJilor}<{v solution, or ol alloli hijthojuli’ or oniinonia sola- 
itons, whilst an excess of liydroffen siiljthnh* or of alkali hy(lroy;ei\ 
sulphide produces a colloidal solulion (L. W. Mc(‘ay. Zc?/.sc/a. anal 
Cliem., 49, rili8). It is dissolved by li/f<h'Oclilorio, mine, and ddutr 
salphuric maV/s, l>\it n<»t by acetii*. and other weak acids Oia-a-sionallv 
the ])reeipitate is sliiuy. This colloidal condition is not ])roduced in 
the presence of alkali salts of strong acids, and heating has the same 
elfectr. 

b. Amnioniutn. ihio<tc(ta{c solulion do(‘s not produce a pr<'ci])itate m 
acid solutions of zinc, but pns ipital.es zinc sulphide from anmioniacal 
solutions. Sodium t/nosulfdiuir doc's not gi\e a pnaapitate 

7 . Potassium and sodium hydroxides juc( i[)itatc zwc hi/dioj-ulr. 
Zn(011)o, from solidions of zmr salts, m the form of a gelatinous white 
precipitate, which, especiall\ when fleshly juecipitated, is ioa<lilv 
and comph‘t<‘ly soinbh* as zinratc uoi, but with more ditlieulty alter 
it has stood fur some tinu' (/ c has undeigone ehangi'). W hen these 
alkaline solutions are boiled they leituiin cli'ai if < nneentrated, l)nt 
if they aie dilute mairly the whole of the /me h\droxide separates 
as a wlute precipitate Zme hydroxah* thus li-m tin* character both 
of a base and also, in the preseiiee of stiong lames, of an achl. The 
reaction ZidOil)^-! ‘J( )ll'^Zii( )'T 1 for exaniph'. Zn(OH)« 

1 2Nat)ll^/n(ONa)^ 1 211 Jd therefoie pioeeeds fiom right to left, 
in dilute solutions, and this is also the ease when tlie h(|Uid is boiled 
in lln* piesenee of a sullii iont e\< ess of alkali Ainmominn chloride 
produces in alkaline solutions containing only a vor\ slight excess of 
potassium or sodium liydroxidi^ a white precipitate of zinc Kydr\>xuh\ 
which rcdissolves on the addition of more ammomuin (ddoride (c/i the 
following paragraph), hut no precipitate is jiioduc('d hy ammonium 
chloride in solutions which < ontam a larger amount, of potassium or 
sodium ludroxide (Distinetioii from aluminium ion.) 

Ammonia also produ(;os in solutions of zinc salts, wlum tlu'v 
do not contain a great excess of free acid {i.o. show a snialh'r h} diogeii 
ion concentration), a precipitate of zinc hydroxide, which is umldii 
soluble in excess oj the iirrcipilanf. A conccntratiid solution becomes 
turliid when mixed with water. When a concentrated solution is 
boiled, part of the zinc hydroxah* separates, wlulst the whole of it 
separates on boiling a dilute solution. Ammonium salts intluciice or 
])roveiit these precipitations. {The action of ammonium salts in ihi-'^ 
case is analogous to that described in tlie case of inagnoium loi 
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(],[» :’A, 14^*)’^^^*^ of complex ions lias also to be taken 

inti. eonsub-ration hero ) 

1). Sodium carbonate produces a ])rec.ipitate of basic, zinc car- 
bniiaie. insoluble in exc(‘ss of the*precipitant I'lie composition of 
the precijiitate vanes with the eoneentration and letnper.itiire of the 
solution, and, tin* exlcmt to whieb the pre(a])itant predominates. 
Ammonium salts m lar^e exei'ss prevent its formation. 

|(l. Ammonium carbonate ])re( ipitates tli<“ same eompound as 
.'^(.(lium earlionate. and the pna-ipital.e n'olissoives on tlie addition 
q{ \\u)iv ammomuiii earbonat(‘ On boilite^ tb«‘, (lilut(‘d solution a 
^\l!lte pr<'( ij)itate is obtained Ammonium salts iiilluonec or prevent 
this pi eeijntal loll. ^ 

Ahp'v to o, 7 to |0 ■ It solutions of zinc salts eontaiii non-volatile 
oi.Miiie acids tli(‘ precipitation by alkali li\droxnies and earlionutes 
]s alleeled or pn'veiiled. owiii” to the fonnation of eoinjdex ions; 
siiLiar. however, does not pr^wmit. the pieeipitation 

Sodium pei‘oxid<‘ or li\ drojifen jnuo.xidi*, bromine, ami otle'r oxidis- 
nin ai'cnts, cannot pie<ipitaie zme from alkaline solutions ol zinc 
salts, <tr alter tin' zme ion, since zinc only oeeiirs in tlu’ divalent 
(ciidilion. Tins (‘iiables tin* zme ion to be .separatc'd from the ions 
of o.xidisahle metals (mam>an<‘se, niekel, robalt, hismuth) 'ITie 
pn‘eipiiat<‘. liowi'.x4T. is not. quite free from zme. 

11. Barium carbonate does not preeipitati*. zme earbonal<‘ m 
the <old from mpieous .solutions of zim- salts.with the exception of 
zinc sulphate. 

12 r<fl(issnnii. cijunidr iiives a white* preei[utat(‘ of zim* e.vanide. 
/ii((’N).> d’his is soluble in <‘xei‘ss of tlie pr<*eipitaiit, a conqilex 
aiiKitf beiti” formed, Zn((; Zn -}2('N' Zn(('N)-_.; Zidt'N)^ 
r2(’N' ■Zn(('rs)^''] , ior example, Znt'h | 2K(’\“-Zn((_'N)2 i-2ix('l ; 
Zn(('N).^ ! 2K(\N ^ Zn((h\}.jKo If the, excess of potassium e^aiinle 
IS not too liie-at, pota.ssmni or sodium su]|>hide. |)reeipitat.es li)dral<*tl 
zme .sulphide immi'diately liom this solution, whilst livdio;;en 
sulphiele or animoniiiiit sulpliKh* preeijiitates it slowly and meom- 
pleti-ly. 

lb Potassium ferrocyailide ^ ; 4 iv<*sa<;e]atinoiis white* pre<-ipitate* 
ol zmv frn'ovif(nii(lc. Zn.jh\*(('X)( 5 , or of potassium zme ferioe^yanido, 
/ii:jKu[ l'V(('N)y]M, whie.li is soluble m excess of the ])ieeipitaiit and 
sparingly solubh* m hyilrochlonc acid. On treatiii}^^ this precipitate 
With hrornine a deej> yellow oxidation product is obtained (K. K. 

* Wall lei'fird 1o all anaic^'Uis riMctioii w'llli potassium i'olialtocyaiiKle, see 

(>0, fuotaoto to 12. 
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Werner, Zeitsch. anal. Chem., 51» 481). The ])rcci])itate with forro- 
cyanide i« also prodin^ed in a soluti'on treated with tartarie aeid aiid 
excess of ammonia solution. In the pre.sence of even small ainounis 
of proteins, potassium femx.’vanidc produces in slightly acud solutions 
not a gelatinous hut a tioeeulent precipitate. J. Jhand reeominemls 
this reaction for the detection of traces of zinc ion m l)ecr. Onlv 
the non-oiaairnuKa! of a ])r(‘cipitate, however, proves the absence <if 
zinc ion, whilst furtlnu’ tests for zme imi.st Ix' applied to any precipi¬ 
tate obtained ((7/cirt. Zrnlntlhl.. II., 015) 

14, Potassium ferricyanide giv<'s a browmsh-orange yidhov ^nv- 
cipitate of zinc fcrricifdindr, Zn-| hV(('i\),.J 2 ’ whicli is soluble in 
hydroc-blonc acid and in anunonia solution. 

15. Folas.'iiuiii )inioi/dfc produces a whit<‘ preci|iitate in a<|ueous 
solution.s of zinc Tin* prcsimcc of aniniomuin chloride and ammonia 
prevents the formation of the precipilate in the cold, or has an 
inlluonc.e on its formation, wlnui a laig<‘ amount of zinc is present 
When the solution is boded the zinc mu separat«‘s (Stanley 11 
Benedikt, Chem Zcntialbl , ItlOO, 1 , 501). 

1(). If an alkaline ziimate solution is rlcrhtih/scd in a very small 
eleetrolvth^ cell (-(mtaining a copper wire 05 mm. in diameter as 
cathode and a platinum win* as anode, with a voltage of 10, extremely 
minute (piantities of zinc may hi' separated an<l recogmscal by the 
colour of the co}>per wire (W. iShuimann. Zcilsc!/ iukiI ('lii'iii.., 49, 
597). 

17. When an alcoholi<- or etheieal sohitiou of ir-''Oicin<il is added 
to an aminoniacal solution of a zinc, salt, it gives a bright blur 
coloration ; this is a sensitive uaiction, hut is only distinctive in the 
absence of cadmium, copper, cobalt, nickel, and manganous- ions 
(A. del Campo Cerdan, CJirtn ZcntHilbl . 1909. II.. 474). 

18. A zinc salt or a mixture of a ziin- salt with sodium enrhonatc, 
exposed to the reducing flame oK the blowpipe, coats the ehareoal 
with a filmy d(*posit of zinc, oxide, wliieli. so long as it is hot, is yellow, 
but becomes white on cooling. 4'lie fonnatmn of this is du<‘ to the 
fact that the reduced metallic zinc volatilises at tlu' moment of its 
production and is re-oxidised on its passage through the outer flame 
The depositor metal obtained, as described on p. 8!t, is black with a 
brownish outi'r film, whilst the oxide deposit is white and therefore 
invisible on porcelain. It may bo dissolved in a little nitric acid and 
tested as descrilied in 19. 

19. If zme oxi<l(‘ or a zinc salt is moistened with a solution of 
Cobaltonitrate and licatcd m the blowpipi' flame, unfused cohallt- 
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z)7ieafr, CoZnO-.. which has a fine colour (Kirmianirsgreen), is 

obtained. H therefore the deposit oldained as doscril:>ed in test 18, 
or (he residue left hy heating tiie sulistame in th<‘ oxidising flame, is 
moistened witli cobalt solution aiid igniti'd, it a])p<!ars green when 
cold. 

The reaction may l>e made vc^ry sensitive l.y treating the solution 
of a zinc salt with a verv small amount of a solution of a cobaltous 
salt’ (not siidieient to colour tin* inpiid bright red), adding a slight 
(•x<ess of sodium caibonati*. Innhiig and tilternig tin' li(|uid. and 
igniting the waslied pre<'ijntate on platinum foil. On ])Owdering tlie 
residue tb(‘ green colour may In* ('asily and uinnislakably recognised 
(Hlovam) .Minuti' (|uantitios of zinc may alsi) he detected hy means 
of this ri'action by saturating a roll of filtiT papi'r with zinc solution, 
whieji has lieen treated witli a little cohaltons nitrate, and igniting 
it m a hohh'r of j)latimiiu wiri' An excess of tlu' cohaltons salt 
solution must l>c a\4nd('d. since otlii'rwise t he resulting black (aihalto- 
coi).illi oxide mask's tin- gri'cn i-oioration 

2(*. With regard to the microcliemu'al (h'teetion of ziin-. ion, see 
Jfaiisfioler. Mil-iosiojusc/if UidLlunint, p. IbJ : Jh'hrens-Klcy, 
Mikr(chcmiM'hc 3rd ed., (i. Gh ; Sf hoorl. Zcilscli. anal. 

{'Ih-m., 48, 221. 230 ; li llradlex. who recommends ])rccipitation 
as zinc nitrojirnsside [('hvni Zctilnilhl.. IhOG, U., 1873); I’ozzi- 
I'jscot. who re(‘omiiii'nds the ns(M>f calcium zincate [VIk in. Zii'nlralbl., 
i'.Kty, 11., ■184). 

Sk<'. r>8. 

(b) Manganese, Mn, 54-03. 

1. Mini'fiDW'-f <H'.curs m tlu' di-, tii-, tc'lra-, liexa- and hepta- 
valcnt forms. ()f tli<^ coniptuinds in the solutions of wlin'h it is 
present as cation only tin* manganous com[)ouuds (of divah'iit 
manganese) are stable. 'This .se.ction tln'iefore, deals mainly v\itli 
the reactions of tlu'si*. 

Mrlalltc mnm/(/nc.vc is greyisii-wliile, slightly lustrous, very hard 
nnd brittle. Its sjiecitie gravity is about 7 2, and its molting jiuiiit 
al)uut 124.')'^ to 12()U''. W limi not ijuib* [Uire, it is ra])idly o.xidised 
m moist air and also in water (with tlie evolution of hydrogen), 
<Tiid IS disintegrated into a lilackish-greeu powder. It ia readily 
soluble in acids, forming solutions wlucb c-ontam manganous ion. 

2. Manifanotis oxnir. MnO (manganese mor.*oxide). is light green, 
whilst mangauoii.s li\dro\id<! js white.. The fimmer Ijurns with 



224 BEHAVIOVR OF SUBSTANCES TO REAGENTS ( ii. n 


incandescence when heated in the air, producing manganous manganic 
oxide, Mn 304 , whilst tlic latter raj>idly absorbs oxygen from the 
air and is converted into brown li)'drated manganous nianganic 
oxide. Jloth are readily soluble* in hydrochlorui, nitric, and sul¬ 
phuric acids. 

Thcl)rowiiish-black??nr»/.'/a7/JC oxide, Mn 203 , iiuinganons manganic 
oxide, Mn 304 , as also black nianganesc dioxidx, Mndo- dissolve wIh-u 
heated with hydrochloric acid, evolving chlorine, and forrnnui 
manganous (diloride, whilst when beutinl with coiic<‘ntratcd sulphuric 
acid tfiey yield manganous sulphate, and oxygen is liberated. 

Tri- and tetravalent manganese, corresponding to tiu; two higher 
oxides mentioned, can also form anions in association witli oxygen, 
so that salts are jiroduced which ari' derivi'd from manganic hydroMilc 
and from the hydroxide of tetravalent nuinganese (mangamb*) acting 
as acids. All these, compounds are decomposed by acids in such a 
way that, on the one hand, there are formed salts of those eations 
which were in combination with the anions containing the maiigancsr. 
and, on the other hand, the same co!n])ounds are formed as an* 
produced by tlic action of the acids upon manganic oxkb*, and 
manganese dioxide. Jattle is known about the oxides of the hexa- 
and heptavalent manganese, l\lnO;} and Mn 207 , in the free coiwlition 
The green manganatcs, 'prnnanganale-^, yk\ln( > 4 , 

are derived from them. 

All the manganous oxides are, converted int o manganous manganic 
oxide, Mn 3 (.)i, when ignited in the air. 

.‘b The manganerus sails are <!oloiirless or pink when tlie anion 
present docs not impart a colour to them ; sonu' are soluble in water, 
others in acids. 'ITie manganous salts of volatile acids are, as a* rule, 
easily decomposed on ignition, but manganous siiljihate can he 
heated to redness without decomposition. »Solutions of the mnitrid 
manganous salts show a neutral reaction. 'I'he manganous ion has 
pronounced basic projiorties, and in many respects r<‘seinbles mag¬ 
nesium ion and ferrous ion. Tii contradistinction to the condition^ 
in the case of ion, manganous salts are far mori' stable than the coin- 
pounds of the trivaleut v<!ry weakly liasic manganic ion, which in 
aqueous solution undergo pronounced hydrolysis. 

4. Hydrogen sulphide does not produce a precipitate in acid 
solutions of manganous salts, even in the case of weak acids, such 
as acetic, formic, monochloroacetic, and succinic acids. No preci¬ 
pitate or, at most, a very incomplete one, is also jiroduccd in neutral 
solutions. 
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5. Ammonium sulphide procipitatoM from neulral and alkalivr 
solutions, and hydrogen sulphide from alhtJinf solutions, the (vhole of 
lilt’ nnwijfvncsc nm as hydrated }n((nyaa(»is sxiplude, ]\lniS.H 20 , wliirli 
appears yfdlowhsh-irhile whon jifVsent in small ipuntity. ;u>d ])alo 
lli’<li-cohn(rcd in lari^i'r (pnmtities. IxM'oinin*^ hrotw on oxposuro 
to tlt<‘ air throujili absorption of oxy-^cni ; it is insolublo in ammonium 
siilpliidc and alkali livdroxido solutions, but dissolva’s roaililv in 
livdro<-lilori(‘, nitri<‘. and ais'tic acids. The separation of the preci¬ 
pitate. which is colloidal at lirst, is coiisiderablv ]>romo(ed bv the 
addition of a moderati* (juantitv of ammonium chloride. Jt only 
sfpaiates from ver\ dilute solutions after tlu'V have bemi allowed to 
stand for SOUK' time in a w.irni place The pre<'ipitation is retardnl 
h\’ aimnomum oxalaU' and tailiate, and (‘Sjx'ciallv b\' ammonium 
. il i.itc, which last also alba Is the coniplet<‘ness of the s('j)aration. If 
aminoiiia and amiuonium chloride aic present, in consi<|erab]e (‘X(“ess, 
t he llcsli coloui cd hy<lrated prei ipital c i.s < on verted rapidly on boiling, 
hut sometimes ev<‘n in t in' c()Id, into t he yveeii cryst.dlitH^ manganous 
siil[)hidc, •b\lnS.2l[20, which (M>ntains li'ss water. Ammonium 
( hloride inlliiences or pn'vamts this conversion. Tin* preseni'O of 
imich iie<‘ ammonia has an mlliK’iice on the precipitation of man¬ 
ganous sulphide b\'ammonmin snlphidi' (it may entirely jirevmit the 
precipilatK)!! bv' yelhiw ammoniiiin snlphub* containing polysnlphides) 
(('la^se|l. Z,edseh ana! ( 'hem , 8 , .‘170). Solid ions which contain much 
iree ammonia must., tlnucfore. lirst be ncniralisod witii hydroehloric 
.e id In'toH' adding the ammonium sul])hi<b'. 

0. Potassium and sodium hydroxide [uoduee whitmh fuenpiiates 

of i/iiiay(inoas hydaonde, winch on contact with the air become 
hnaciBsh. ami finally dark hioini, owing to the manganous hydroxide 
alisorlung oxygen from th(‘ atniosj)here. and biung (‘onverted into 
nianganous manganic, hydroxide and hydratcal dioxide. Anniunna 
also pri'cipitatcs manganous li\droxi(h‘. but the, precijiitate contains 
"tilv about half of I lie manganous ion present [ef the analogous la*- 
liaviour of magiK'snim ion. pp .*> I an<l 11!). and of zine ion. Sec 57, S) 
Atmnonia and ammonium carhonati' solution ilo not dissolve man- 
g'Hioiis hydroxide. AanDOHiuni ehlonde, howevi'r. when adihal in 
.^itliicteni (|iiantity. completely pre.ven(s (hr preeiiulaliou of manganous 
>alts from their solutions by means of anDnonm. and partly prevents 
the [irecipitation by potassium or sodium hydroxide. In the case of 
piej ipitates already lormed, only th<>se portion'* which have not yet 
been oxidised into a higher state of oxidation are dissolved by 
aniiiionium ehlonde solution. Aniniouiaeal solutions of divalent 

15 
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manganese l)e( oinc l>rown on exposure to the air, and yield a deposit 
of dark hrown nutngano\is inanganie hydroxide. Even in the ^iresenee 
of amnioniuin ehloride, solutions of manganous salts which have been 
treated -with ammonia lu'come turhld on exposure to the air, owing 
to the separation of higher manganous oxides. Jf. however, the 
solution is lirst treated with hydroxvlamine hydrochloride (or a 
hydrazine salt) this oxidation is prevented, and the liquid remains 
clear (Ellxu', Znlftch. (tiuil. (hew , 47, (>71). Manganous manganic 
]i)'droxifh! is soluhh' in a solution of pofassnit}! /n/drogm o.ml<ih\ 
forming a line red solution containing a complex manganese oxalate 
ion 1 

,7. On treating a solution of a manganous salt with potassium oi 
sodium hydroxide or ammonia and adding a. solution of bromine or 
hydrogen peroxide, Ihr V'liolr nj Ihf iHdUfjaursr .scpuro/cs u.s Imnvmsh- 
hlacjy hijdrutcd nuuiqdiu'sc di<utd<\ with a composition approximating 
MnOfOll)^. The separation is ])rom()t<‘d hy heat Solutions ol 
manganous salts which havi' hei'u trcati'd with sodiuni iurtati' also 
give a precipitate when heated with hromiiu*. 

t^odiuin pcro.udc acts in the same wav. Pcn^ulp/Kilrs, c fi ammo- 
niiim persulphate, giv(‘ no precipitate m t!i<' cold, hut on lioilmg the 
solution hy<lratcd manganese dioxide is ]uecipitated. In the 
jyresrvce of a .wxdl (i')noiriil oj o silver salt oxidation to pertiiiinifiindlc 
takes ])lace, so that a nold cidiiKtlion, instiaid of a ]>rcci])itat(’ is 
produced. In making this test only a ver) minute quantity of silver 
salt must h(‘ usiat. very httii' fri'c acid must he present, and it is 
best to allow the liquid to stand at a ino(lerat<? lemperuture In 
this form the react ion ]s.rrr// smsitur. If too much silver salt or too 
much nitric acid is present a lirown coloration due to silver pep;)Xidc 
is ])rodueed, but this disa])p(nirs on iioiluig the lojiiid. Jf much 
iiiangano.sc is present a permanent precipitate of manganese dioxide 
is obtaiiu'd. in u<ldition to the red coloration (Marshaii. Zc/tsc//. amil. 

Chou., 43, 

Notes to and 7 ; iVon-volatile organic acids may atlVct or even 
j)revont tlie precipitation of hydrated manganous h}droxide or 
manganese dioxide Suifitr mlliH’iices or ]ireveiits the precijntalion 
of the manganese a.s manganous hydroxide, but not as hydrated 
manganese dioxi<le. 

8. Ammonium carbonate gives a white precipitate of manganese 
carbonate, MriC();^-| ^JoU. The preeijutation is complete after some 

'■ 'I'liis nvu'tiiin h:i.s l)i-i-n hm nnuiifiulcil l)V Saclier fm Ihe flrt<'<’tinn of t’tr// 
small (jiianl i1ii*s <>t imnie-ihC'.c {Clu ii, /,< il , 39. :'.IU). 
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iiin<\ even in the presence of aninioniuin chloride. Potassium or 
sodium carbonate produces a white precipitate, which, according to 
{h<! conditions, is hydrated manganous carbonate, manganous 
hydroxide, or a mixture of tliif two. In the freshly precipitated 
condition it is soluble in ammonium chloride solution ; it does not 
tlissolve m oxce.ss of tlie ])recipitant. 

Guanidine carhonale behaves in the same way as ammonium 
carbonate ((iimsmann and Schiick, (J/icm. Zeit., 30, 1205). 

Note: Nonvolatile on/anic acids influence or prevent the pro¬ 
duction of ]irccipitates by potassium or sodium carbonate, and retard 
but do not ju’cvent the pr<‘ci]»itation by ammonium carlionale. 

\) Barium carbonate do<‘s not pr(‘ci])itiite manganous ion frpiii 
jKpicous solniions wiimi digested with them in tlic cold. The only 
I xicption to the rule is manganous suljdiate. 

Id J^nia.s.siaiih eifanide pioduces a brownisli-yi'llow ]n<!cipitate of 
/tnui'ianoa.s c//<nu<le, Mii(rN)2, whicli turns luown in the air, it is 
soliibh' in excess o( potassium cyanide solution, forming a yellow 
soiulKui wlii<di contains tln^ mangane.so in tlu'. form i>f manganous 
(A'ainde ion, Tfiis ion is only stable m tin' j)rcs<*nce of 

a coiisidcralile excess of potassium cyanidcu \\ lum dilated tJic Iu[uid 
becomes green owing to the formation of tlie ion ]\ln((.'N) 3 . On 
bolting the diluted \cl!ow soliiiiou tli<“ manganous cyanide ion is 
d(‘< ()mpos<'d, manganous hydroxides being separated : 

1 Mn{01!)2 

Ammonium sulpliidc' does not precipitate manganous sulphide in 
till' pre.seiice of a large excess of [lotassiuni cyaiud<', )>ut tins precipi¬ 
tate m [>rodu(sed on heating the diluted solution. 

11. Potassium ferrocyanide prodm i's a white prec.ijutate of niati- 
<iaiii>ns ferror//aital(\ Mn 2 Fe((.'N)o. which dissolves with difllculty in 
li\dio(‘hloric acid 'riie i)r<‘ci])itation also takes places from a fresldy 
po'paied animoniacal solution of a. manganous salt whicli lias lieen 
Ireab'd with tartaric, acid (J)ist,inction from ferric ion, L. JUum.) 

12 Potassium ferricyanide producc.s a brown ]trc,c.ipitat,e of 
inaiifianous ferricijanide, MlUjj he(CN)f,l 2 , which is only slightly 
soluble in strong hydrochloric acid and insoluble in ammonia solution 
When boiled with a large excess of comentrated h\drocliloric. acid 
the juecipitate is decomposed and di.ssoIves. 

13 When a small quantity of a solution of a manganous salt 
fier fro),) rl/Jonde is dro]»ped on to lead peroxide, dilute nitric acid 
flee Jiom chloride added, and tlie mixture lioiled and allowed to 
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settle, the li(jui<l ])e( <>iiieB red, owin^ to the formation of perman¬ 
ganate ion (llo|»]ie-8cy]cr ^). 

14. PotiissimiL hronKitc pro(luc<'s, ov(‘n in tlje cold, a violet colora¬ 
tion in a sulphuric, acid solution td a uuingnuouH salt. J’otassiuin 
chlorate and iodato do not give the iea(dion (Vitnli, Chvm. ZrHfralhl , 
18',)8, Tl., 942). 

Potassium chhoatc [jroduces a ]>rccipitate of hy<lrated manganese 
dioxide on hoilmg a nih n; acid .solalion of a manganous salt. 

15. Potassuim, prriodalc, ]>rodueos immediately in solutiojis of 
manga’uous salts a dark red precipitaie. or, in the ease of very dilute 
solutions, only a red coloration The ])r<“cipitate is prohahly a mati- 
ga.nous periodate. It is dissolved hy hvdrochlouc acid, with the 
liheration of chlorine. Sodium hydroxide convei ts it immediately, 
and ammonia after some l.ime, into hlack hydrated inanganesc 
dioxide. The reaction, which is very sensilive, is promoted hy lieat 

Ui. When a manganese <-ompound is (IissoIvimI in famu/fj hijdio- 
eliJorio acid, and one or t.wo drops of s/zeng ntinc acid or a. small amoiml 
of a nitrate, chlorate, In/f/ochlontc, chronailc, or lead i>cro.ridc added, the 
solution, on heating, shows a greimi.sh-hlack coloration, wliii li dis- 
a]ipears on continuing the heating, or on diluting the liipiid. II 
depends upon the formation of mtvr/ancsc tetrachloride. Mnt'lj 
IVrchlorates, hromatz-s, hromine, sodium peroxide, ]»ersulphates, 
red lead, and jiitrit.es do not giv<' the reaction (De Koninid, 
Zeiisch. a7}al. Chem., 43, 418). 

17. A solntion of i<iianwlhiiJilianiuiodiphcv/jln>clhanc in twenty 
times its quantity of H) per cent, aeetic acid gives a hluo coloration 
w’ith manganc.se dioxide. The j-caction is very sensitive {Trillat. 
('hem. Zci/tralbl., 1908, II., 08). Tim author uses the reaciwn In 
detect very small ajuouuts of manganese in ]>lant ash. The suhstam e 
is ignited with a little alkali hvdroxide, and the asli heated wiili 
sodinm hydroxide and tlnm tri'aicd with the K'agent and with a 
little water, acidified with acetic aciil ; on Inaiting the mixture tlie 
blue coloration ajipi'ars. 

^ 'I’lic Ir.ul peroM<to must lirst 1><“ (<'s((‘il ns to Us fu'cdom lioiii niangam'-t' 
Uy 4‘,vaj)oraling it willi suipluiru' acid and boiling tlic icbidiio \\itli mine ai id 
On tins ri'actiou I’uliard xnd., 126. Tj.'iO ; Z< ilsrh. unai. ('/Km , 44, 4bM 

buses a jikUImkI of (trtc<,ting matigaiK se in soils, etc. A nii.vtuic of 0 G grm. "f 
the igintc<I substance, nr it a ash, \utli '1 jiaitsof sodium cai tionalc is 1 used at iu>t 
too liigti a. tcmjH'iaturc, the resulting mass dis.sohed m \\atei lontainmg a Uttio 
nitric acid, tlio Holutiojt, added to 0-5 gnu. of red lead or bromi lead jieroMih-, 
and (Ik* mixture treated with -t e.e. of water and 2 e.<' of |»uie nitric aeid. (di 
lioiliiig the lui.xliire and allowing it to settle a |iink coloration is otilanicd m lh< 
presence of mnnganous ion. 
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18. \Viien a nian^aiiosc compo\m(l is ircatod with lyhosjthoriG acid 
:ui<! tlic niixiuro ovapurated to the consistency of syrup, and then 
jjiore stroii'^ly lieated (after tJie addition of a little potussiiini nitrate 
if a iiianganous salt is pre.sent) 1 violet nuiss (seiui-lujuid when hot 
iiinl solid W'lu ‘11 cold) due to the lonuatioii of luau^'amc jdiosphate, is 
obtained. Tlie leaetioii is very sensitive. 

lit When any liiiely powalercd niaii;^anese compound is fused 
witli 2 to parts of sodiuni carbonate on platinum wire, jilatinmu 
foil, ortlie lid of a platinum crucible in the outer gas or blowpipe 
flame, sodiian nmnijutiatc, Na 2 Mn() 4 , is formed, and causes tTio sub¬ 
stance to appear i/rrrji while hot aaid bhntth-iirvoi on cooling, m wbiedi 
)iroces.s it also becomes upa<iue. This reaction enables the smalW.sb 
ainomit ol manganese to be detected. It also succeeds verv’ well 
with .'iixlinm jirrojcidr. (Ileinpel). 

20 . Borax and alkali phosphate dissolve manganese compounds 
III the. outer oxidising gas flame, forming Irau.spmrnl rutlct-rcd hnrds', 
wlii(,h on cooling apjioar (unrlln/st rolouml, and lose- their coloration 
in flic inner Ihinie, owing to tin* icdiielioii of tlic manganic <‘ompouiid 
to a manga,nous conijiound The boiax glass ajipoars lilack when a 
huge anioLint of manganic oxide is present, but the phosphate gla.ss 
nover los('s its traiispaieiu y. It is also more easily di.sooloun'd tJiaii 
the liorax glass in the inner flaine. 

21. (\dvifuii (‘(i/bonalc shows a hnish grcaui llnoresceinai after 
'■oiilact with a hydrogen llaine. lUit if a tra<-e of a manganese solu- 
lioii IS ajipiied to tlie ealcimn earlxmate, tiie luminescence, will then 
he deep yellow (Ihuiaii, Moi/atsh. C/irm , 34, til*.) ; C/icm. ZrtitndU.y 
i2i;i. II., \m). 

U ilii regard to the, spcdni of manganese (.oiiipounds 

ol dilh'ieiit stages of vahmev, uTuauice may be mad<i to tlie com- 
iiiiinicatnms ol \V. -laeschke and .1. Meyer {Zvil^ch. pA/ys'. Chem., 83, 
2 Sl idifiii Zvntffdhi. iDld, II , 12h)- 

2.2 For the imcrorlinnicul detect ion of mang.uiese, se(‘. Jfausliofer, 
■dd,ii,sk<>pis(dK' Re<ikli())ii ii., p t)G ; Beliicu Kh'v, Milroi'lieniischc 
:3rd od., ]) 88, Schoorl, Zm/.xc/i. u//u/ 48, 227, 220 ; 

M Wagenaar, Chem Zenlmlbl., 1*)12, f., 684. 

Sec. 59. 

(c) Nickel, Ni, 58-68. ^ 

I. Nxdcel is di- and trmdent, and, in many cases, letraviflent in 
Its eoiupounds. Metallic nickel in the compact condition is white, 
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shading into grey, lustrous, hard, and ductii)lo. It lias a Kpccafic 
gravity of about 8 8 and melts at about 1402°. It is not oxidised 
when exj)osed io the air at the ordmary temperature, but is slowly 
oxidised on ignition ; it is attracted by a lunguet, and can itself 
become luagnelie. It is slowly dissolved by hot hydrochloric 
and dilute suljthurii; acids, with the evolution of hydrogen, and is 
readily soluble in nitric acid. The solutions contain divalent nii^lo'l 
(nickelous i»*n). 

2. Nich’l hijilmxiifv is pale gn'cn, and does not alter on exposure, 
to air. When ignited at a wliite heat it is coiiverti'd into amorphous 
green nich'lous oxnle, NiO (niekel monoxide). Both compounds are 
solVible in liydrochloru;, nitric, and sulphuric acids, 

On the other liand. tlie inodifi(“a<ion of nickelous oxide, which 
crysialli.ses in octalnalra is insoluble in a<‘ids, but is rendered solnbh* 
by fusion with potassium hydrogen sulpbati*. 

Niclrlie o.c/dc. NiJl.^ (niekel oxide), which contains trivalent 
nickel. i.s black and dissolves in liydvochlurie acid, witb the lihcralion 
of i-hloiinc, to form jiicki'lons chhuhh*. When nickelous hydroxMo. 
or the earbonati' or nitrate of divalent niekel, is gently ignitiMl, 
greyish-green niekelous oxide, containing .‘^oine mckelic oxide, is 
obtained. 

3. The .9u//s’ oj dic(tl( '}U nickel are usually yellow m ih<‘ anliydrous 
condition, and green when hydrated, and ])rodiic(^ jialo green solutions. 
They are decolorised on the adilition of a emtain ])ro])ortion of a 
solution of a cobalt salt (3Ni: K’o). The soluble neutral salts 
slightly r(^<lden litmus (hydrol)'sis). 'i'he salts of volatile acids arc, 
as a rule, readily dceonijmscd on ignition, but nickelous sulphati‘will 
stand gentle ignition. Nickelous chloride is insoluble in ether 
saturated with gaseous liydrogrui chloride. (Distinction from cobalt 
and iron ions ) This affords a im'ans of ilctecting even small amounts 
of nickel in the luesencc of those metals. Aluminium ion, which 
beliavcs in the same way as nickel ion, must not be present (rinerua, 
(■hem. ZrntralhJ.^ 1807, 1., 1177). 

4. Hydrogen sulphide does Ja?/. form a ju’ciijiitato in solutions of 
the nickelou.s salts of strong acids in the presence of free acid, but 
in the absence of free acid a small amount of the nickelous ion 
separates as black hydrated iiieki'loiis suljihide, Ni8. 

Nickelous acetate solution eontaining frei* acetic- acid does not 
give a jirccijiitate, Imf in the absence of fri'c acid most of the nickel 
ion is preci])itatcd on continuing the action of the hydrogen sulphnle 
for some time ; if, however, the solution contains a suflicient quantity 
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of alkali acetate tlu^ dissociation is (Oiceked, and the whole of the 
nickel ion is [irecapitated, even in the (in'sence of fn-e acetic ami, 
es|)(‘(aally when the liiiuid is heated during the introduction of the 
hv<lrogen siilphiile. 

hiee fonnic. acid and monochloroacetic, acid also jirevent the 
precipitation ; hut if the alkali salts of these acids are jiresent. the 
precipitation is not jirevented fioin a hot solution, unless a large 
anunint of free acid is presiuit (Jallic acid m an exceeilingly dilute 
sulj)iiuric. acid solution also iidiihits tlu^ precipitation. 

Ammonium sulphide /ovk/mcc.s in lU'iilKrl ami nlhditin ions, 
and liydrogen sulphide in allahm- solahons, a Hack i>nri}nla(n of 
liijdratal nirlrloas .^alphalr, NiS, which is not ([Uite insoluhhs in 
.uiiniomuiii sulphitlc, cspcci.iily when free annnonia is present; 
hi*n<-e I lie lupiid from which the precipitate has separated usually, 
and in the presence of .nnmoiiia, always shows a biowiiish colora- 
liond aiul will then \’ic*id a slight pnaipilate of tuckclous sulphide 
wIh'ii ncutialised with acetic acid and heatc'd. Aimnoiuum chloride, 
and still more so ammonium acc'tatcy mateiijlly promotes the pie- 
cipitalioji Nhckel is comph‘((‘l\’ piecipit.itt'd in the piescmcc' of 
aimioiiiuin salts, .iiitl m llu* ahscmcc* of anv considerahle quantity 
of free ammonia, hv ainmoniiiin sulpliidc* decolorised with sodium 
sulphite (Ijecnmn-i). N’lekcdoiis sulphide is luirdlv soliihle in acetic 
acid and dissolves w il h gicat dillicnltv in liydiocldoi ic acid. It is 
almost insoinhle m boiling dilute hydrot lilonc^ acid, but is rcaidily 
solulile in hot nitrii' acid and aipia ra/ia. 

Tlu‘ Heparatioii of nu keluus siiljcliule dois tml lake jil.u-e iimneiliately, 
rs})(.-^Kdiy in the ease of dilulo soltilions 'I’lie jncNeiue cd amiuoma and 
im jneeipiialions with hydiogeii siilpliulc' water) of a( ids retanls the 
icaction ('I liiel ami Olil, /yiil.sr/i. mnniian. ('inai, 61, SOG). 'I’hese authors 
legaid tlic^ brown ei>(oral ion, w hieli is piodueed on treating a nickel salt 
solution with aiimmnniin sulphide in pres«*ncc ol ammonia, as hemg due 
to colloidal mckedous sulphide Tins is in accordance with the fad that 
on lioilmg Huch lirown sohilioiis tlu' lackcdous sulphide is j>r<*cipitatcd, 
while the solution is dccoloiised 'I’Ik- retaidatiou of the ic-action in tlie. 

* A !^lll)lIa^ iiioun cotualMut. wincli lx* u.scil foi the defection o| numUc 
1 1 ,ices of nu^kckaiK loii, is olituiixsl when a solution ot a jiickci salt is treated 
with taitanc acid aiul I hen witli sodium hydroxide until alkaline, .ind is (imdly 
saturaU'fl with hydrogen sulphide. Under IIk'sc conditions some of the nickelou.s 
ion always reiiiams in solution and gives a hiown coloiation t<» the lilhate 
t'obalt ion, if not fin‘s<'nl in vciy small jiK)|)oition, is cojn|>Iet<‘Iy preciiulated 
under the same roudilions. In the pi-esiuiee ol n'linulr <|uantities, a hrown 
coloialion ts also obtained, but in such cases tlie cobaltous sul]>bid<' may always 
be piecipitaled by means of a iaigo aimnint of sodium hydro.xidi* (Vilhcrs, 
Zcnhathl. isil.', I , 117). 
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j)ii‘ci(Mtati(>n ol mclvclous hiiljiliidi' im ('xj)laiiH'd by tlu'so autliors as bem^ 
due to tlu‘ j)()!yin<“risalioii ot u ^<•a<^lly soluble Jiilo a spannj^ly soluble' 
H\dj>hi(le. A sitiiilat cause \\ould also account for tlic stnkinjf fact that thc 
])rccipilatj(ni of uiekeloiis .sulj)ludc js ^jrevented by relatively weak acids, 
but that when onc<‘ jaccipitated it is only very slightly soluble (oxidation 
being excluded) in strong acids. y\ecoiding to anotlier \iew, the explana¬ 
tion of tins IS that in eonse-cpieiiee; of the retaidation phenomena a false 
eqiiilibiiuni is at hist establislu'd {cf. See 57, end of 4). 

(). Ann>Hwium ihioKcclulc precijeilalcs iiiekelous sulphido from 
anmiomaeal solutions of iiK'kel salts Soilnou Ihiosulpliafc does not, 
preeipital<‘ nickid ion from acid solutions, ami only pn'cijiitates it 
jia^tially and after very long boiling, as niekolous sulphide, from 
neutral solutions. 

7. Potassium and sodium hydroxide produe(‘. a juAr (jiren ]>rcctpi- 

tale of luckcltiKs Injdroxidc, NilOJl)^, wlm li is insoluble in excess of 
the jirecipilant, and does not cliange on (‘Xposiire to the air or when 
boiled (even on the addition of Ji\ drogen jieroxido, iodimy or alcohol) 
After washing it is solulde in aininonium i-arbonat-e solution, forniing 
a greenisli-b]u(‘ solut ion, fioin wliieli ])otassiuin or sodium hydroxide 
}>ro(aj»itatos the nickel ion as an a])pl<‘-gri‘en pieeipitati' of njekelmis 
liydroxide, 

8 Ammonia, v/hen added in snidll proportion to a solution ol 
a nickeloiis salt, jiroduei's a x/o/Z/f <iirrnislt (luhidit/j ; if added m 
(jrvdicr (pKititUij )t />’<id/lif dissain’s the srpam/rd ro-tt/poutid, fonniV(f 
a blur solution containing a complex nickel ammonia ion, Ni{Nn 3)’‘4 
or Ni{NJI;j)“(, Tjv adiling solid sodium chloride, the chloride of the 
complex ion may be siqiarated as a violet blue piecijiitate. Potassium 
or sodium liwlroxide juecipitat(‘s ni<-keloiis liydroxide from* the 
solution Solutions \\hieli contain aiiimomuin salts or free acids 
are not rendered turbid b\ the addition ol ammonia, owing to the 
repression of tin' <lisso( lation ol tlie ammonium hydroxide, i.n. 
formation of eomplexes. 

!k On treating a solution of a niekolous salt, witli potassium or 
sodium hydroxide, adding a sullieient (piantity of bromine water or 
a solution of sodium hypochlorite, potassium ferricyanide or a per¬ 
sulphate, but not livdrogen peroxiile or ioiline (distinction from 
cohaltous ion), and lieating the liipiid. ilw vdiole of the vich'l ion ts 
prrcipitutrd us bbwk ’nich’lic Injdroxidv I’he ]ir(‘eipitatc dissolves on 
the addition of ]<otassiym cyanide, foiming jiotassium nickclocyaiiidc 
{<f 12). The preci])itate, after separation from the liquid, is also 
reduced b) a mixture of ammonia aiul ammonium chloride solutions, 
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iincl t!issolv(?.s as nickcloiis ainmoniiiiu hydroxide. The solution takes 
jil.ice somewhat slowly iu the cold, Imt rapidly on hcatinj^. 

Noh- on 7 to 0 : The pn'sence of non-volatile, organic acids 
and also of sugar prevents or irtlluences the precipitation of the 
hydroxides of di- and trivalent nickel. 

10. Potassium ferrocyanide precipitate's nickrious ferroojantde, 
Ni.Fe((lH)fl, from solutions of nickel salts as a greonisli-wliitc preci¬ 
pitate, wliieli dissolves with iliflimdty in hydrocldorie acid. (With 
regard to an analogous reaction with potassiuin eohaltocyauide, see 
Sec (10, 12, footnule.) 

11. Potassium Jerricyanide [iroduces a ydlowish-hrown precipi- 
late of iiiekelous ferrioyainde, Ni; 5 [he(t'N)y].j. which is sparingly 
soluble 111 liydroclilone acal. In the presence of ainmoniimi cliloride 
or tarlanc acid an<l a largi' excess of aimnonia, them is obtained a 
clear brownisli \<‘llow Inpiid, becoming pa.lc yellow when greatly 

diluted. 

12 Potassium cyanide ju-oduees a tiirnns// iuccijHldlr of mrhclom 
nioaidr. Ni(dN^) 2 . winch dis.solvos ri'adily in an ('xccss of flic preci- 
pitanl, hu'iniiig a brownish-yellow solution of jKitassiiini nickelo- 
c\anide, K._,Ni((’N)i, which doi's not bcianiie darkiT on exposure to 
lln-air Sniplunie and liydiochloi ic. aculs rc-precipitate niekclous 
(wanide from this solution (only alter some time if it is very dilute), 
owing to tlu'ir decomposing the nickelocyanidc anion; this new 
p[<‘<-ipitate IS only vi'iy sparingly soluble in excess of tliesii acids in 
I lie cold, but dissolve's more easily on boiling. If a cuiTcnt of 
chlorine d 'Inirvdnrcd into, or bromine mWed without lu'uting, to 
a ■''dulion <f polds^inni, nirkelocudnodc wlin-li has been renden'd u//»u- 
lufi' iDitli sodnitn. Ii/fdro.rulc, and if necessary kept alkaliiu; by the 
fill thcr addition of alkali, l/ir whole of Uo' niclel (/radddlhf si'iidroles an 
d hh'ckpnvipildle of nickefic fi/fdro.i idc. (Dist.inelion from cobalt- nin.) 

Hen' the complex mek('locyanog('n ion is dei-oniposed by tli(5 
aelioii of the halogen, and the divalent nickel cation is oxidised in 
alkaline solution into the trivalent imuditiou : 

M(t’N) 4 K. [ 4Bn.-Nil5r. 1 2KJ5r 1 ItWBr—NiBr.-| Br-| dNaO.lf 
- Ni(0H)y+;3NaBr 

"1' Ni(HN)4+<iJJr--Ni*-‘ l-bJV-flONBr- Ni"--l-30Jr--Ni(()Jl);j 

^^iiiee the halogens also react W'ith cyanogmi to form cyanogen 
halides, the deconi])osition of the coniph^x nicl<clocyanogeii nm docs 
not. take jilaee until there is no longer any lyanogen ioii pri'.sent. 
Any consideralile excess of potassium cyanide is therefore to be 
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avoiiled (s<m‘ No. t», wlH‘r(! tlio forivcrso reaction is in (juesfcion). 
AmDmnium shI/>Iik/c (]o(*s not decompose, tlie nickclocyanogen ion, 
and hence do<'s not prcci|Mtat<* nickcloiiN sulphide from tiui ])otassiiim 
cyanide soluiioti {])isj.jjictioa from zinc, and manganese ions.) 

13. l\)((iss}Kin tlnorinhitixiU’ saluhonA produces in 

ammoiiiacal solutions of nickel salts, if concentrated, a deep brown- 
red, c(»!oraiion. so that the li(juid hecomes almost opaque and appears 
nearly black by fcllc<tc<| li;j,lit. If, bovv(;v<‘r, the nickel solution 
is extreinelv dilute tlic liquid becomes iji’llowisk-red on the aildition 
of the^r<‘ancnt ((' <> Ihaiin) The ])i(Hluction of this coloration in 
cxceedinulv dilute solutions is charactiuistK^ ol the nickelous ion 
In the presmaa* ol cultalt ion tins naiclion is completelv masked, or 
nearly so, and in tic pn'simce of maii^an<‘se or zine ion is more a 
less masked 

14. Barium carbonate docs not prciijutate nickelous ion in till' 
cold from aqueous solutions of its salts, with the exception of iiiekd 
sulphate Jl, is also /ml pnaipitated m the* presence of bromine 
(Distinction Ironi robalt ion ) 

lb Potassium nitrite docs mi( produce a precqutah^ even in 
Concentrated solutions of nirkcl salts to which acetn^ acid has been 
added. (J)istin<-tion from eolialt ion.) In the case of concentrated 
solutions of na kcl salts wbicli contain alkaline earth ions, or lead 
ion, yellow crystalline precipitates of nii'ki'lous ]K)tassium calciuiii 
nitrite, etc., may, liow<‘ver, under certain conditions be obtaincil , 
these preci[»itatos are only shjfhtly soluble in cold water even in 
the presmice of m.etie. acid, but ilissolvc more readilv in hot waiter, 
forming' a ^r<‘cn solution (Kunze and O L. Erdmann). Jfcncc 
the reaction is only a decisive proof of the prijscnce of cobalt loii 
(Sec. bo, 75) win'll ions of tin* alkaline earths or lead ion are absent 

lb Soinroli'd- onnnoninm moh/hdofe .so/u/m/i produces in neutral 
or slightly acid solut ions of nickel salts, w'hcn heated to about 70 '^ 
and shaken, a greemsh-wbite crystalline precipitate, whi<h, as a 
rule, is only fonin*d after sonn' time. (Distinction from cobalt ion.) 
The reaction is very sensitive ami is also suitabh^ for the micro- 
chemical detection of nickel (Pozzi-Kscot, ('hem. Zentndbl., 11)07, 
11., 1356). 

* To prepare potassium tliioearbonate, half of an approximately 

6 per cent, solution of potassium hybro.xido is saturated with hydrogen sulphide, 
the other half achled, jind the whole heated at a modciate temperature with 
^''I'th of its volume of cariion bisulphide. 'J’lie loulLing dark red liquid is 
Bcpaiatcd from the uiidissoivcd carbon bisulphide and kept in a well-closed 
llask. 
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17. Fola-'istuni chronuile solntio7i produces a precipitate in cold 
neutral solutions <»t nickel salts, even when concentrated, although 
itniv slowly. (Distinction from cobalt lun ) On boiling the Inpnd. even 
when very dilute, a chocolate brown hftsir Ni('rO^ 2NiO. 

IS jirecipitatcd ; this is soluble in acid and aimnonia solution (Jl. Weil, 
('hnn. ZriilrallfL, I'Jil, I., 7.'t(i). 

18 Diniethylglyoxine jiroduees in (unmonuical uml u<r(tc acid 
siihilioHs of'inchi .‘^■alh-, crcn irhni cjtrcnu'hj dilute, a fine ted, crifstalluie 
lure)pilule. (Distinction trom <-.obalt, zinc, manganese, iron, and 
iliioniiuin ions) 'I'lie reagent is either ailded in solid form to the 
stronglv ammoniacal solution of tlie nickel salt, ami tlu^ h(|Uid 
Jn'ated (Tscluigajell J), or the nn-keloiis salt solution is ticati'd wiMca 
moderate excess of a I per cent, ah'oholic solut ion of the reagmit and 
then rendered just alkaline (llrunck-). In this lase. only a red 
coloration is first |)ro<lueed in very diliiti* solutions, but even then 
oil standing the \civ ch.ii.uteri,stic precipitate is lornicd hortnii 
Uses till' reiM'tion to (h'lect iiiimite ([iiantilies of nickel in metal 
.lilovs Kor this |uii|Mis<‘ a solution ol 0.') grin ol diim‘tli\Iglyoxime 
III T) c (• of DS ])(‘r cent, alcoliol and "• e c. of aiiinionia solution (wlin h 
reagent may be Ke|»1, without alteration) is applie<l to the surlace 
of 1h(‘ substance under examination, which has ])reviously been 
Ji'ccd fiom gr<‘ase. In the pri'senee of nickd a red coloiMtion is pro- 
diic(‘d (see also iMiddleton <ind .Miller i) V W. Alack^ reeommcmls 
a !>< irjildiu.i'niu\ wlneh gi\(‘s a red<lisli-vellow preei|utate, as a still 
more sensitive reagent. 

l‘.i. ])ic\ anodiaiiii<line, siilpliate (in U) jjer eent a<[U<“ous solut ion) 
I'ldd^ues m animomacal solutions of nickel salts, to wlm h sodium 
livdiuxide has been add(M{. a crv.stalline yellow [in'cipitatc of niekel 
dicy.uiodiami<lin<‘, (<'-jlIoN,(>) 2 Ni j 2iL(). As a rule the nuiction 
docs iit)t take place iiiimc<liatcly, but is verij setisihre aiid chaiueh rislie. 
U the reagent is addi‘<l to a solution of a niekelous salt winch has 
h' ^'ii tnuited with a little ammonium ridoride and ammonia, and the 
sodium hydroxhle then introduced, the bhu; colour of the solution 
IS iinnKuliately changed to yellow, and the precipitation follows after 
f^ome time (or a long time in the ca.se of dilute solutions) (11. (Iro.ss- 
luaim and B. Schiick, Chem. Zeif., 31, 535 ; Zeitseh uual. Chon , 47, 
108 ). 

‘ ^er,, 38, 2520 ; Zeit.'^ch. anal Chan.,^1, \iVl 

" ZexUch. amjav. I'hem., 20, 834 amt 1844; ZtiUti). nnal. Cheni , 47, 103. 

' ('hem. Zcnlrulbl., ltH3, 1., 4(13. 

* Ibid., 1916, L, '072. 

•* Zeitsch. anvl. Chan., 53, 020. 
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The presence of cane sugar does not influence the n'action (Gross- 
maim and Ifeilborn, Ber., 41, 1878). 

20. A solution of Nitroso-)3-naphthoI in 50 j)or teat acetic, 
acid ])roduces a brown precipifatc of nitroso-^-yiaphthol mch'i. 
[CioH{jO(NO)j 2 Ni, in solutions of nickelous salts. The preeijutate 
is decomposed by hydrochloric and sul])huric acid, llciice im 
prcc.ipjtatc is produced in hydrochloric- a(;id solution (llinski and 
Von Knorri!, 'Acitsch. (und. ('hem., 24, 525). 

21. A solution of 1 .''2,~J)i<uiiuio<ihtlimq\iinonc-'>^-suiph<mic urn! 
(0‘5 g'/iii. in 1(K) c.c. of conccrilrated ammonia solution, 310 c.c ot 
water, and dO c.c. of 35 ])or cent, sodium hydroxide solution) pro 
duces a lilue )ue(‘i]utat('. in .solutions of nickel salts Trace.s of 
ammonia iiurease the sensilivimess of the ri'action, but an excess 
of ammonia changes the colour to red . (Distinction from cobalt ion ) 
(Malate.sta ami Xola, ('livm. ZnitiaJhl., IDI I, I., 820.) 

22. A coiu'cntrated solution of 'i\aphlheinc unV/s in petroleum 

S])irit gives a slight green coloration when shakcui with a solution 
of a nickel salt. No idiange is produced in the petrohuim s[unt 
layer by the addition of hydrogen piu-oxide. (J)isf.mction from 
cobalt ion) (('harit.schkofl', f V/cm 34, 172) 

23. Pol<f.'is:ium <lilh(o-o.r<(l((le produces a dark rinl coloration m 
solutions of nickel salts, even when they are very dilute. Tin- 
colour IS destroyed by ai ids, sodium hydroxide, and jiotassmm 
cyanide (If. (). Jones and II. 8. Tasker, (Jhei/i. ZeniraUd., 121(>, 
J., 608). 

24. Borax and alkali phosphate ilissolve nickel compounds m 
the outer llame forming transparent glasses. The liorax glass is 
violet while hot, and r<‘ddisli-l)rowii wlien cold, whilst th(‘ alkali 
phosphate glass is red to hrownish-red while hot, but on cooling 
becomes yellow or rcddi.sii-yi'llow. Small amounts of cobalt mask 
the coloration. Tin; phospliati; gla.ss remains iiiicliangcd m tlic 
inner flame, but the bora.c yhiss hocuuiu's (/raj and turbid, owing to 
the reduced nickel. On continuing the heating tin; nu^kcl entm's 
into eoinhination without first inciting into one granule, and tlie 
glass becomes colourless. 

25. When reduced on charcoal sticks, as described on p. 88, 
nickel compounds yield white malleable lustrous metallic particles 
(separated by powdering the charcoal), which group themselves ia 
the form of a brush ujiou tlic point of a magnetised knife, 'rroated 
with nitric acid they give a green solution, which may be sul)jecte<l 
to further tests. 
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26. The haloijen compounds of nickel when int-rodiiced on platinum 
wuv, into a Bunsen flame produce a reddish, very transitory flame 
(olorahon. 

27. hor tlie miero-chvmiad (hlrdton of ni(;kel, see Haushofer, 
Mil/oskof/i^che Bcaktumrn, ]). 03 ; ]5chron.s-Kh‘y. Mikrochcmische 
AvaJijsv, 3rd cd., ]>. 78 ; Sclioorl, ZcUsrIi. anal, (diem., 48, 213 ; 
Tuzzi-Rscot, (diem. ZentralbL, 1007, 11., 48'! and 1330 ; 11)11, 1., 840. 

Sec. go. 

(d) Cobalt, Co. 58-97. 

1 (fohalf is diralent, Irirahnt, and, in many cases, (elraralevt in 
its conipounds Its spocihc gravity is about 8-0. i\letallic. cobalt 
wliii li lias hern fused is .steel itrey. finrly hard, readily polishe<t, 
incits witli dillieiilty (nudiinjj;-point I 189 ), and nia^netie It is not 
oMd!S(Ml on ex'posnri' to the .nr at tlu*. ordinary te)n]iera.ture (pulv«‘ni- 
leiit (olialt olit:nne<l by,r(‘ducme tbe, oxiih's, e p in a current of 
hvdn'mui. docs not .scintillate in the air), but is oxidised on ignition. 
It bi'liaves like ni<’kel towards acids, yielding solutions containing 
divah'nt cobalt. 

2 (.'ohallon.-i omle, CoO (cobalt protoxide), is a hi-lit brown. 

‘.\]u\e(>halloii.'i lu/dio.ndr, (hi(()ll) 2 , '*■ Jiowdei Oot h are I'asily 

soluble in hydroclilorio, nitiio, and sulphuric, acids, ('ohallic ojide, 
('oo();{ (cohalt sosipiioxide), is brownish-black; it is soluldo in 
Indrocbloric acid, with the, evolution of chhirine. forniing cobaltous 
i hlorule (tirotoelihiride.) 

3. Coballous salts contaimne water o[ crystallisation are, rod, 
\vliilj?t. the anhydrous salts an*, usually blue. Their solutions, if not 
too concenti'.iti'd, a])pear pinlc, tin* colour bein^ ]icic(^ptibhi iii very 
diluti*. solutions Th*‘ soluble ix'iiiral salts redden litmus slij^htly, 

to h 3 -droIvsis. As a rule, th(3 salts of volatile acids an* vc'adilv 
dccoinposcd on ij^nition, and only i-obaltoiis sulphab', will stand 
inod(“rate ignition. On <‘vapora1ing a solution of cobaltous clilondc, 
the red colour changes to blue towards the end of the ju-ocess, wlulst 
a red solution is ap^aiii ol,tainc,d on the, addition of wat<*r Tlii.s 
(■•hangc (>1 (ohiiir, wliioli also takes place in the ca.se of other coli.dtous 
eeuipounds. is ntti'il)Uted by Ostwahl to the cobaltous ion bciiie 
pink and tin* undissociato<l cobaltous salt blue. Aceording to 
Donnan and Bassi't the cobalt cation is red ; the blue coloration is 
attributed by these authors to a complex anion. CoCi'g or CotTV 

4. Hydrogen sulphide do<'s not produce a precipitate in the 
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solutions of cohaltous salts, if they contain frco acids; when tho^ 
are neutral a portion of the cobalt is gradually [)recipitatcd as black 
Jiydrated cobaltous sulj)hide. Cobaltous acetate is not [irecipitated 
to any ajiprcciable extent in tlu\ pres(5nco of free acetic acid, but 
in the absence, of free acid is proci[)ital(Ml c.ompletely or almost 
completely. But if the solution contains alkali acetate in sulliciont 
quantity, the dissociation of the acetic aiad is so checked that, even 
in the ]>resence of free acid, the whole of the colialt is pn^cipitated, 
especially when the liquid is heated during the introduction of the 
hydrogen sul]»hide. Free formic acid and monochloroacetic acid 
also prevent the precipitation. If, however, alkali salts of these 
acids arc present, the precipitaiion from a hot solution is only pre¬ 
vented when a large quantity of acid is present-. 

5. Ammonium sulphide, adArd to nottml and alkalnu’ solutions, 
and hydrogen sulphide to (dhdwc solutions, precipitates tlio udioU’ 
of the. cobaltous ion as black Inidrutcd cobaltous stdphidc, (k)8. Ammo¬ 
nium chloride materially promob'S the precipitation. Cobaltous 
suljihide is insolulilc in alk.ili and ammonium sulphide solution.s,* 
slightly soluble in acetic acid, and hardly soluble, or, li precipitated 
from a boiling solut ion, nearly msolubh^ in hydrocJiloi K^ acid. Nitric, 
acid and aqua rcgia dissolve cobaltous suliihide on heating. For 
the explanation of tlu^ behaviour of cobaltous sulphide towards acids, 
reference may be made to wliat has been *sai<l about the, analogous 
behaviour of nickel suljihide (pSi'c. f/J, b). 

6. jtmnun/iuin tiuoacclafc. preci[utat.('s (M>halt.ous suljihide from 
ammoniacal solutions of c,obaltous salts Sodium thiosulphate does 
not produce a jirccipitatc in acid solutions, and only an incomplete' 
one in neutral .solutions after very long boiling; the jirecq.d-atc 
then fornicil is cobaltous suljihide. 

7. Potassium and sodium hydroxide produce in solutions of 
cobaltous salts when sullii u'iitly dilute precipUates of basic cobaltous 
salts, insoluble in excess of the [ireeijiitant. 0??. esposure to (he air 
these liecoinc dirty green- ami subsequently grey-green, owing to the 
ai'-sorpiion of oxygen ; wIk'II boiled (or (!Von on standing in the cold 
in jirescncc of a suHicient excess of alkali) tlu'y are usually trans¬ 
formed into pale red cobaltous hydroxhle, containing alkali, and 
usually showing a doubtful colour owing to the, formation of cobaltic 
hydroxide. If alcohol is ad<led jirior to the boiling, tlic precipitate 
is rapidly converted into dark brown cobaltic hydroxide. Ammonium 
chloride, wlien jirc.senf in snfhcient (juantity, prevents the, precipita- 

^ CJ., huwovc j’, the foohiote on ji 2;U 
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tion of cobalt by alkali hydroxide. Aniiiionium (carbonate solution 
coinjilctcly dissolves the precipitated basic cobaltous salts or cobaltous 
hvdroxide when washed, yu‘ldin«f intense violet-red solutions, in 
which the addition of a larger 'quantity of potassiiiin or sodium 
hydroxide will produ<-c blue, procijiitates, while the iKjuids still 
remain violist. 

If, however, an excess of a concentrated solution of ]>ota8sium 
hydroxide is added to a solution of a cobaltous salt, or cobaltous 
hvilroxide is healed with a little water and a fragment of sodium 
hy<li’oxi<le, the cobaltous hydroxide, will dissolve as such, forming a 
l)lu<‘ solution (Donatln 'Aeitach. mud. ('hem., 40. 137). Insoluble 
cobalt minerals, or metaihe cobalt, also give a blue coloration when 
heated with eoneentrated alkali solution after roasting. 

8 Anillionid, produces th(‘ Stuiw pyec^/a/u/e us- poUissuim Inidroxide, 
which, how(^v<‘r, is soluble (with the exception of a slight gri'cn 
jloeculont rc.suiue) in an excess of tJie pris ipitant, forming a brownish- 
M'llow solution, which be< nines brownish-red on (Exposure to the 
air llirongli the absorption of oxygon, and from which part of the 
(obalt ion IS pT<( ipitated .is a blue basic, salt on the addition of 
pota.ssium or sodium hydroxide In the ea.se of solutions which 
j'ontain a-mmoniKHi sall.^ or free (/ce/s, ?ii) pieeiinlole is (*btained on 
lli<‘ addition ol ainnionta. 'The ainmoniac.d solution contains the 
cohalt 111 tlie fonn ol a eonij)h‘X ammonia compound. In this jiro- 
coss oxidation is rausial by th<‘ atmosphm’u^ oxygen, so that the 
(ohah IS conveited more, or less completely into the trivalent form. 

WIkui a solution of a cobaltous salt is treated with potassium 
or sodium hydroxide ami tlien wii h bromine water, sodium hypo- 
clilorite solution, a persulphate, hydrogen peroxide, barium per¬ 
oxide or iodine, or when a, siillicientlv diluti', eohalloiis salt 
solution IS boiI(‘(l with sodium peroxide, the irho(e of the cohalt. 

//a/e/c.s' u.s- broir»/.<hd)l<ick colxilhe. hi/dro.nde 'This prei ipitate does 
vol ieohs.solvc either in a mixture ol ainmonia and aninionium 
'-hloiide solutions, or in potassium cyanide solution. If, howover, 
a considerable (plantity of niekidic hydroxide is also presimt, the 
potassium cyanide solution disstdves the cobaltic hydroxide as well 
as the nudvclic bydio.xidc. 'I’he ahovc'-immtiom'd oxidising agents 
(with the exception of sodium ]>oroxid<‘) do not jiroduce a precipitate 
m ammoniacal solutions. 

If a solution of a cobaltous salt is trcati'd with sodium hi/drogcn 
(•(uJmnale in exees.s, and tium with hiidro<iei> peronde. a gn'on solution 
13 obtained, which eontaiiis a compound of trivalent cobalt not yet 
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iRolatod (method of dolectiiiLj col)a)t ion in {)roMonce of nickel ion, 
Durrant;, (Ninn. Nnrs. 12, 228; Uhn/i.. /jnilmlhl., 18'JG. IT., ()d4). 
For this purpose .laworowskv {('hew. Zn'iralbl., 1898, 1., 144) 
reeominendrt a method in wlneh 1 holufioii of the coltaltous salt is 
neutralised with sodium enihonato. then treated with crystalline 
.sodhim fijrophosplnilc until the jirecipitale lir.st fornu'd is re-dissolveci, 
the li<juid liltenM] from the iindissolvi'd ]>yiophosphate, and tin; 
filtrate treated with sodium earhonate and hromim^ water, an excess 
of the latter Ixune avoided. 

AWev to 7 t) : 'The j)resenee of non-volat do or;;ani<^ acids or of 
siiear iidluenees or prevents tie' pie( ipitation of eolinlt. as hydroxide 
in di- or tiivalent form, owiny to I lie lorniation of eomplex anions ' 
Jn like manner, 'iK’eetm lorms a (omp!e\ anion with eohalts that 
alkali h\ droMih's do not prodm-e a pre< ipitatc in such solutions, but 
only a deep blue coloration TItis becomes Nieen through oxidation 
on (‘Xposnre to the air, and more rapidly «m the addition of hydroi^en 
peroNuh' II a solution (d a (‘obaltous salr to whieli glycerin has 
been adthal is eoveri'd with a h'W drops of ammonia solution, the 
amnu)ma<-al layc'r becomes intimse hmion yellow in (olonr. {J)is- 
tinetion Irom nickel ion ) (l)i(/, tV/rm. 'Aiil , 25, fd'.l } 

10 Potassium ferrocyailide j.iodiK I'S m cobalt soint.ions a erren 
preei])ilat«‘ (»f (ohtillous frnofifdHiilr. < o^hV((which dissolves 
wit.h ilifheultv III hy<lro< hloiie acid 

11 Potassium ferricyanide proilnces a browmsh-red pnaupitaOi 
oi (uiha/lods l<n n‘/(iiinifi\ <'o.;| l'c(OX)(; |.^, whi<-h is only very slightly 
solubh^ in h\rlrochloric acid. I1 the solution i>f the cobaltous salt 
is treated with tartaiK- acid or animomum ehloiidi' and th<m with 
ainmoma in I'xeess, so llml a flvoi slrotitjlij fiinntonnuud sululbot is 
obtained, and potassium lerne\anuh* llum added, a dark yellowusli- 
red liipinl is ])roduc(‘d in the case ot concmitiated solutions, and the 
coloration may still In* recognised even in gieat dilution (Skeydlintl). 
This is a very sensitive reaction, and is partn ularly suitable for tlie 
detection of cobalt ion in the [tri'sema' of nickel join 

12. On adding potassium cyanide to a cobaltous salt solution a 
brownish-white precipitate of coIkiIIohs (‘/fonidc (cobalt protocyanide), 
(’o((.’iN)i». is produce<i ; this is readily soluble m e.xccss of pol<4ssiuiu 
cyanide solution, the complex anion of po/nss/nm (‘ohafloeifanide 
being fornu'd.' Acids precijiitate cobaltous cyanide, Co((.'N) 2 , from 

' infra, 10. • 

‘ If the ]*reei})itftlioii with potassnim cysiiiKle is nm<le with complete 
<'X(hisieii of air (m n .solution ol (lionm^lilv hoiied water oi by menus of tlie 
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I l(is ‘solution //, liourirr, ihc solution is boiled with excess of potassium 
r>fii)i'il(' and m the presence of free h;/drocijanie. acid (liberated by tlie 
.i.ldilion (if one m* two drojis of }iydro(*lilori<i acid), tben treaUid witli 
|,nfa'isiuni 01 sodnini |j\'droxido, a.vl a current of (dilorine conducted 
tiito It. without lieatine:, f)r broniine water is added, tlie anion 
cobfitheifiiinde. K;j(‘o(t’N)o, is forme<l. and the solution of 
ihi-^ '^.dt does not a |ireci[iitatc with acids. {Inijxu’tant distinc¬ 
tion fioin nickel ion ) 11 potassium Vftnte and <f<-<iie aeul are added 

(,) tin* still unaltercil solutions of |)ota.ssiuni coiiaitocyanide, tlie 
Ii(|tiid assiniies a blood-n'd, (H if V('ry dilut(‘, only a |iiid\ volour, 
ouiii'j; to I h(! formation ot ions of a |iotassiuni cobalt nitrocyanido, 
K jt ‘o..{t >....)11 > t )n shakiii" a .solnt ion of |)otassnim ( olialto- 

.\.iiiidc with ,sodium li\(|iovide. it' alisuibs o.\\;;(ni and beconu'S 
l.ioun ((' 1> lir.iun). and whmi ficat(‘d with \cllou ammonium 
'iilphidi' it becomes blood-red (Tallcrsall .ind L'ajiasoijli) Tin* latter 
I I'.H I ions sha r[il\'d ist ineiiish cobalt mu fi om mekol mn 

1.; Potassium thiocarbonate solution {ef Sec b'.i. bi) e,voM a 

r/< r j) f no It'll to bloel eoloiiilion wit h com miti.itcd .solutions of ciibaltous 
".dls and a i/t lloiro'l/- roloitihoii with vcr\' diintt* solutions. 

11 Barium carbonate Ixdiavcs towards solutions of (obnitous 
'.dl' in tlic sam<‘ wav as towards soliil ions of iiickidoiis .salts lllack 
<ob.d1i<- hvdio\idc, hoW(“V<‘r, is pKM i|ntat(Ml by barium (■arbonate 
atl. r the addition ol broimm* (Dist iiietnm fiom ni< kd ion ) 

lb On adding potassiuiu nitrite m not too larec I'xcess |,o a 
heiilial or sliehti} ai id solution ol a cohaltoiis salt, t'lmn acetic add 
until the I' ai t mn is st ione|\ a eld. and allow m^ t lie mixture to stand 
III .t inodeMteb warm |)!a( c. the whole of llw eohuh ton sepaiates (very 
i.t|iidt\- lioiii < oneent latfil solution and afl<‘r sonu'. tiim‘ from dilute 
solutions) (It the foiiii ofa bnifht iji'llou' et >/sliill i nr pieeipitule of pot as- 
'■I'lin cobalt nut I lie. 2 K^i t'ofNO^)!; |-j-dl I * (I'lMhers salt) (I'lschcr- 
Stiottie\er). 'I’Im* [trecijntate dissolves to a considerable e.xteiit in 
juiie water, but is only sl|o|itl\’ soluble III conemitrated solutions of 
|a(t.issnini salts ami in alc')liob and is insoluble in the jiresmice of 
I'ot.issiuin nitrite W lum boiled with water it/ dissolves to a small 
evtent., forinino a. rml solution, wdiich icmains clear wlicn cold and 
fieiu wbicb alkalis [irecipitate, cobaltous li}(iroxid(v 'lliis is a 
liarticularly eood reaction, and is well suited for tho distimdion ami 

nitnuluction of aiilphur dioxide) tho pmcijjif.it^r wiil he intense ix-d. It.'H solution 
in excess of polassiuin cyanide solution gives an oiane<‘-re<l [ireei|ntnti^ uith a 
•s(>lution (if /itic snlpti.kte eoiilanung siilphuf diexidt, a yelt^w preeipitalc with 
in- kel gulpimtc soliitmn, and a red pieeipitale with eohaltous sulphate b-dutxm 
'K I’inerua \ivare', Chcin. Z<nt., lUiO, H. ISO). 
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separation of nickrl ion frr)?n ro])a]t ion. It shouM he noted that it 
is advisable to use as small a volume of Inpiid as possible, i.e. to use 
concenlrdtcil solutions and reagents {of ^ however, S(*e. 50, 15). 

10. Potassium thiocyanate hi roneentrate<l solution forms a 
(hrp h/urli(j(ii4 (wliicli solidilies in crystulljm? form) with conccutrati'd 
solutions of cohaltous salts. (’(»haltous tliiocvanate is readily 
soluble in ai<-ohol (Selioun, Zrif.sr/i ((mil. ('hem , 9, 210). The reaeti<ni 
also takes ])la<‘e in ddute solutions, wlien the liquiil is shaken willi 
ether-aleohol or, betbu’, a mi.xlme of <‘ther and amyl-alcohol (Vogel, 
Her., 12, 2‘>l I) ; the layer of (‘(her aiul aholiol is then coloured blue 
(N. Rustinu, f V/cav Zoihiif.. IS'.KI, 1.. 7tH)). (Concentrated solution.s 
of nickel salts free horn cot»alt ion impart a gn'cnish (adoration to 
tlie amyl-al< <diol ) I''(‘itic ion iidmfen's with the reaction, butr mav 
be removi'd by sliahiug its tliUM vanati' with etlu'r alomc or reduced 
to a colourless condition by adiliug solid t liiosulphate to the solution 
after treatment with potassium tliiocvauati', liltming tlie li({uid, and 
shaking the liltrate with ether alcohol (Wefers-lkddink, O/irm. 
Zcnfriilhl... lS‘t‘.), I., 1)01). 'I’lie distiirliing inilmmce of feme ion may 
also 1)0 (diminat(‘d by the addition of sodmm caibonate s<dntion, 
which decomposes ferric thiocyanate, but does not attack c.(d>altous 
thiocyanate, or by the addition of potassium sodium tartrate, solution, 
which prevents the iron from n-aeting (Vogel, loc. ci(.; Treadwell, 
'Zvit.'^ch. uDotydu. (4iem , 26, 10«'^). 

17. Potd.smtitn, chrotudic .soluhi^n pniduees in neutral solutions 
of cobalt salt.s, cvmi in IIk' coM (on hoiiinii m the case* of very dilute 
solutions), a hrownish-rinl precipitati' ol CoCrOj.('»)().11^0, which 
is solulde in acids and in ammonia solution. 'I'liis is a vm'v sensitive 
reaction (If. Wed, i'hnu Zviihdlhl., llUl, 1 , 756). 

IH. NitrOSO-^-naphthol ynulmus <I roh/DUHou-^ udrylc-ird prr- 
ciptldic dj vohdlli-niltdsd-^-iidplitliol, 11'h)I h,tHNC)l 3 Co, in solutions 
of cohaltous .salts. The solution to be tested for eolialt is acldllied 
with hvdroeliloric acid, tn'atcd with an c»|nal volume of alcohol, and 
warmed. A prepared solution of a-nitroso-jS-naphtho! in 

50 })er cent, acetic acid is tlum atbb'd m sullicient o.vcess (m ohUt to 
insure, the oxidation of the cidialt ion into the tnvalent condition), 
and the liipiid Iieated to boiling point. Jn the presence of cobalt 
ion the line purple-red precipitate is immediately jiroduccd ; but if 
only traces are jiresent the compound remains in solution, and only 
a red coloration is pi'odueed. In this casi*, howi'ver, even when the 
solution is extrmuely dilute, a precipitate may still be obtained when 
the ueulilied solution to Ix' tested for cobalt ion is treated with an 
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a 4 U<^ous soliiliou of a-iutiu^o-/3-iia|)litliol. and tlu*n hoatod The 
.•solution <)l)Uunoil l»y trcatin.t; a-nitroso-^-naplitliol contains ojily 
I jiart in r>(K)() puit^ }lcnc»\ an atiucons solution cannot ho used for 
fl:*‘ s(‘|)aiation of anv consnlcral)V“ <nuintity of cobalt ion This i.s 
a \civ sinisitivc atnl cliaraclcristic icaclioii. wludi. a|i)>lic<l in this 
III.inner cannot lead to an\ nu.’'takc (l)isl met ion from nickel ion.) 
(M liin.''kl. ('hrm Zt i( . I'.t. ll:il ) Tlic ted lohaltic compound is 
f.\'(C(‘(lmi;lv stable (ow.itds aenN, alkalis, and oxidiMii'j; and nalucm^ 
a^nuils When hcatcil wtlli ammonium snljtlii<ic, liowcvcr, if. yn'Ids 
fobidlous ,sulphide (llinski ami von Kiiorrc, '/yit'-fli. kikiI ('hem., 

24. -v.'d). 

!•' \\ .\(a< k ’ reiidt'is tlie I ei\< {ion pai tn ulail\ .-eiisilue lie dissolves 

ol Him of n niti'osn />’tiapiit hoi in 20 ol Ixniniu water, to wlmh 
I I < ol diliiti' soduini h>dio\ide solution is added, lilteis the lapiid ami 
tiilntes lli(' til(ial<‘ lo 200 e e Py nie.m^ of (Ins slalile M ayent as little as 
iiool iiiHi'ni. t)f (oliaK m 1 e.e of watei ma\ l)e dcltrled. 'I'lie iKutial 
ol shiihlly alkahm' sohilnni is lieal<-d with I e e, of amnioimun ehlornio 
solution and 1 e.e. of tlie reajietd ; a stalde led eolmalion is pr«nlu<M-il, (‘\en 
af(« I ;u idilication w ilh sulphin i<- acid, in the ]»risenee of cohalt ion. 

I't Dimethylglyoxime does hdI pioduee a pienpilate in ammo- 
til,H .il solutions ol CO bait oils sails (I )is( im I ion bom meke! ion ) 'I’lm 
solution eoiitamin^ the dimeth\lyl\oxime and <ob.iIt- salt, bei’oines 
uine-]ed t)n th<‘ addition ol h\droo,-u sulphide or alkali sulphido 
(Ki'.ilit; '/jfil.^eli ttmjt’ie ('hem , 19. I79d) 

2<* J>n-fim>ili<imii(ii>e si/lithulc does m>l piodiiec a piceipitatc in 
• iMitnoniai al solutions ol cobalt' salts tui tin' addition oi sodium 
li\dro\idi' (I )ist m» t am liom im ke! ion) 'The aildition of a 
siitTu i(‘hl «[uantit\' o| (,iue sii^^ar to tin* solution beforehaml prevents 
aii\ [.ossibilit\' «tf the sepal.itiori ol cobaltous h\dro\'idc. 'I'liis is 
‘i lie to the formation ol aeoiuph-x ion 'I'he lattci prodiici's an mlcnse 
I'd coioiation. 'which ma\’ also be used for the (hdi-ition ol minute 
Miianlities of lobali ion in the prescmi' id a l.iiyc amoniit «>f im kel 
ion sim e, it may \m seim v<“iy disfim tlv after the jueeipitat ion of the 
latter witli dii yanodianmltne sulphate (flrossmann ami lleilboin, 
/W- , 41. 1878 ; 'chnn. /c/d/n/W., l‘)0S, 11 , m and 1909, il.. '.tdL'). 

21. IhdhiHii>'((iUh/'ii(fm/«)iie suljthonic aeuL {see iSee ,99, 21) 
I'lodiiics a blue piceipbati' or blue eolor.ition in solutions ol cobalt 
salts The adililion of ammonia increases the sensitivmiess and 
does not chanoi' tin' colour (Distinction fronmickel ion.) Animo- 
nniiii I'liioiidi’ also produces no altinxition in the < oloiir. (J)islincl.ion 
^ Chetn. Zdilmlbl., lllK'), 11., 491. 
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from (^op])(*r ion.) (Malatcsta and Nola., ('/icfn. Z<tdr<ilbl., UJM, }., 
820.) 

22. A nolutio)) oj 7Kii)lil//c}itc acids in |)(‘.tml<nim sjunt hocoriK.-s 
red when .nliakon witli a solution ol a cobalfous .salt. On adding 
hydru^^ou j)i‘roxidc to the jx-l toleuin .sjuiit. .solution, the colour cij 
tile latter chan^i'S to greenish brow n (Chaiibschkol), ('Item Zol., 34. 
‘171t). 

23. Potassta-m ditlim-itialalc j»roduc<‘S in solutions of cobalt 
salts, evi'ii w’lu'H V(M'\ dilute, a dark reddisli-biown coloiation, \vliich 

t • 

is miu'h more sl.ible lowanis ai id.s and |M)lasMUni c\’anide than thi' 
corn's])on<lme nick*'I »'oloi.il imi, .so fh.it it a Holds a mi'aiis of detecting 
cobalt ion in tin* pieM’iiceol mckc|jon(|| O Jonesandif.S Tasker, 
('hna. Zml/aHil , lltbl. I , 

2-1. Borax dss.y>/iV'.v ctthali comjxninds nt f‘/c inmr axd mtUr J!inn(\ 
JoimiH(f Iransjia/ciit htajhl (\iolef by caiidleiij-iit) iilasscs. This 
reaction is both charactensl ic aial .sensitive. 

2r>. W hen r(‘<lu<-e«l on chamiul siicis, as (h’si iibcd on p. 88, cobalt 
compounds show a similar behaviour to that of nicked conqiounds 
The rcsultme solulum is n'd. 

2(). Im)!' the mtctocl/riiiicii/ dcfcclioii of cobalt, so*' Jlaiishofer 
MikiosLapisc/ic J)cal,liaiic/i, p {'*'■'> , P»ehrcns-Kley, MikxK'hcmiscliv 
Atidliisc, 3rd cd . p 7'i ; *S<diuorl, Zcilscfi anal, i'hcm , 48, 211, 
Kichter, Vhem. Zcnlialbl . P.K)I. 1.. l.'Jld, ['oz/a-Ks< ot, Chan. 
ZadndbL, II., 481 , llRi*.), 11 , Gob ; TJll, 1., 810. 


Hi'.r. (il. 

(e) Iron, b’e, 

(a) Ferrous ion, Jm”. 

1. hov is ])iesent in its compounds in the dtrab nl {ferrous salts). 
invalad (ferric salts), and//c.m*(//r//^ (ferrates) condition 'I'he latter 
compound.s, m winch the iron is [iic.s^'iit in the anion hVO"^, are nc)( 
very stable On tlie otlu’r hand, tin' two .series of eom])ounds ol 
divalent ami trivaleiit non are nnpoitaiil. They dilTer in very 
inanv of tlu'ir reactions Jfivalent iron is converted by oxidising 
agents into tnvalent iron. Ki'ducing agents cause ferrous 
compounds, t.c. those ol divalent mm, to bo formed from feme 
compounds. 

Metallic iron in lh<' pUK' eondition is wlntish-gri'y, has a .s])C<‘i(ic 
gravit} of about 7 8, and is lu.strous, hard, and ductile, is very dilliciilt 
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to iiit'It (luoltitio-point alunit, 1550'), and n^atfrracted by a Jiia^ruet. 
(Tlio iiK'tals dosorihcd in ovorvdav lifo hy llio (a>ll(H‘tiv(‘ naino of 
•'iron” invariably <'ont.iin carbon, sometimes clicinicallv cotninned 
as i-arbide (lb*;}!', ceniinilitc), ar*d s(*nicttiiics also in flio fn'a ron- 
(btioTi as ^ra|ihito 1'licir colour is more or ii'ss lin^y They also 
invariably contain oIIkt ehnnents, some of which, oven m small 
(|iMn(ilies. have a ( onsiderable i nil nonce on the. |ih\ suai proixnlies ) 
When e\pose<l to the action of air and moisture iron becomes 
covered witli a lav<M* of rust (fcrii<- hvdroxale), and upon iifuition in 
t!i(‘ air it be<'omcs coateil with black ferrous ferii<-. hydroxide.* 

ilvdroehloMc and ddut(* sulphuric acids dissolve inm with the 
evolution of hv<lr'M,om. If the iron contains carbide tlie hvdroeen 
will coni.lin livdiocaibons Th''s<> sotuiions (“.onlam feirous ion. Ke' . 
Dilute' mfiic a< id <lissol\es iron to .in (‘xtent <lcpeialuui upon ilio 
(lei^i'cc (d dihilion and Ihe temper.dure, cillu'r withoul the evolution 
of ^as bill, with the toimaMon ol ammonia nm while ferrous uitrate, 
l''e(\(),)IS ] nod need, or With Ihe SI mu It a neons evatluf ion of nitrous 
and inliK' oxides and prodnelioii of feriio mtraf«‘. Ke(^d)d,{ In tlm 
I .ISO of iron eonf.iiniiie eirliide s<uiie eari>on dioxidi' is also t'v'olvial, 
wliiKt when uiaphit<i is presmit it will lem.iin undissolvi'd, together 
wilh a humus liki' substance, whieli is solubh'm alk.ib solulams 

2 h'l'fX'U-i oj/de, l'5‘() (ii<m profoxab'). is black, whilst its 
I'vdritvide, 1‘5‘(DH}.. is \vliit<*. Imt m tluv moist eondifion the latter 
absorbs oxv^en aial lapidU' beeonu'.s L;rev-L;r(“en and linallv browmsb- 
teil l)otb oxide and ludroXlde aie rea<lll\' soluble m b\dl oeblone, 
sulpliiiile. .ind mti'K aeals 

.5 7V/e ^o//^ of iliriilftil lion (feiioiis s.ilts) wben aidivdroiis ar(*. 
vvlnl», Imt when containing water of er\si.ilbs.it ion have a uieemsli 
*eloiii , tbeii solutions onlv appi'ar tureen wben in the eoneentrated 
'ciidition Wben exposed to the air tiiev .ibsorb oxygen, and are 
"'nveited more or less eomph'telv mtro soluble ferric salts, whilst 
tliiTc IS vr,nie precipitation of lia'^ii' feriK- salts, c tf 2KeS0|-idl 
l'eg)(t:>» Cbloiiia', lirornme bvdrogen jaToxidt'or nitric acid 

at the boiling tem{)eratuie oxidise fei roiis s.ills in solution rapidly and 
'onijilctely to feiric salts. In the oxalaiiou with mtric a* id nitric 
o.xide is also formed frmn the aei<l. and gives a brown colour to the 
f'aroiis salt solution, in wbab it dissolves (see See b). 'I'lie 

daik brown coloration of the solution ]»r<Mlu< ed is Iransltorv (see 12) 
Ibe sobil)k‘ feiroii.s salts do tiof redden litmus (Imt this is ixihf the 
' ase when tbev arc (piite, pure and (il>-<ohiiihi firr froin f rnr- .su//.v). 

1 lie ferrous salts of volatile .leids are <lee,omposed on ignition. 
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4. Hydrogen sulphide dcx's not prodiK^', a procijdtate iti aolutions 
of ferrous salts wlicn strongly aoidifiod, and in neutral or slightly 
acid solutions j»rodiH'(‘s citlirr no pref i]ijtato at all or an incompleifi 
black ]nccipitatc of ferrous sulpb’de. Solutions which have been 
treated with ao<lium a(‘etaie atnl a liith* free acetic. aci<l yield only 
an incomplete preetpitale, <’\'eii on heating, the amount of the ]»re- 
cipita.t<‘ depeiuling upon the extent to which 1-he sodium acetate 
])reponderat(^s and leju’essi's tin* dis.sociation of the acetic acid 
The addition of monoehloroact'l ic acid or of foniiic acid in suflicient 
quantity also jtn^vents the pri'cipitation. even when alkali salts of 
these, acids are present. 

T). Ammonium sulphide precipitates from nculnil and alka(iiii\ 
and hydrogen sulphide from (i!ivl-nn\ solutions the whok of the Iron 
as a blade fiffdroltil ftrenpilale of fenons siflfdiidr, KeS, whicli is 
insohildc in alkali liwlroxidc, and alkali suliiliidt* solutions, but 
ri^adily soluble in h\drochlorie and mine a.<'ids, and when exposed 
to the air hcaomes rcddish-hrown, owing to its oxidation to basic 
feme, sulphate. Kxtremely dilute solutions of ferrous salts at first 
be(;ome green on the addition of ammonium sulphide, owing to tlie 
foimation of <-oll<)idal ferrou.s sulphide, and after standing for a 
considorabh' time in a waim ]>lace does th<‘ ferrous sulphnh' separab' 
as a black precipitate. Tlie pr.'sence of ammoniujii ihlorhh' 
materially ])roiiU)tcs tin* precipitation. According to Slok<‘s ammo¬ 
nium polysidjiliide ju'odiices a prei-ipitatc of terne siil|)hidc, Ke^S, 
{Vhenh. Zentralhl, !.. 16(id)- 

6. A‘nimonh(t)i thioacc/ale docs not pi'oiluco a j)rcci[iitaie in acnl 
solutions of ferrous salts, but pnaipitab's ferrous sulphidi* from 
alhdinc solutio'ns. FuKhnin- ihiosuliihalc does not give a [ire- 
cipitate. 

7. Potassium or sodium hydroxide, and also ammonia, give a 
preci])itate oi fcrrotis h/fdio.ndc, Fe(()II) 2 , winch at the moment of 
])r(Ti|)itati(>n appears white, but in a vmy short tiiiu' lieeomes dirli/ 
grem and finally nddish-brown, owing to absorplmn of oxygen from 
the air. Tlie precipitation ]>v potassium i>r sodium hvdroxidi! is 
partially, and that bv ammonia cntirclv. pK'vciiti'd by tli(‘ [iresenco 
of ammonium salts Such alkaline .solutions containing ammonium 
salts yield [irecipitati's oi ferrous ferric hydroxide and fcirie hydroxide 
when left exposial to t he air. (tn a(hlmg h'ldto.nf/anunr to a solution 
of a ferrous .salt comi^ilete precipitation of tlie hurmis ion as feiric 
hydroxide takes jilaco, even m the presence of ammonium salts, 
owing to an oxidation ]iroeess (Khh‘r, Znlscli. anal i'hnn , 47, 071) 
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\i>n-ool(ilih' orijdiik' acids, siijiar, cfc , preccut or iajluencc the pro 
i fpilation nf ferrous sails hi/ alhi/i hijdtoridt's or ammonia. 

6. Potassium cyanide prodm-i's a rcd-hrowii of 

/. irons ci/aiiidc, I’cfrX)-. 'I'liis‘•dissolves ui excess of potassium 
(y.iuuio solution in tin* form of polassium ferroci/anale. K,Ke(('N)(.. 
Smeo tlio whole of the iron in this compound is present as complex 
anion, Ke(('N)'"V)' 'f' hm^'r shows the rt'actions of feirous ion, and 
is therefore not i(‘precipitat<^d as ferroc-yamde. on tlie achlition of acid. 

*). Potassium ferricyanide produces in solutions of ferrous 
salts a. hluish-H'/iile precipitate (f ferrous potassium fernxyanide, 
Ivd'Vjl wliK'h soon horomes hluo through absorption of 

oxyi^rn from tho air. Nitric acid or clilorine conv<-rts it immo<iiately 
inlo Prussian blue, (boric. ferrocyani<le), oKoh'e ^l K<‘(('N)|jl2 i 
oKCl I i 2lb‘,} The precipjt.it*' is also pnxliiceil 

in a solution which has luum (n'ati^d witli l.utaru^ achl. 

In. Potassium ferricyanide pioduees a line Hue precipitate of 
f.itoiis feineijanide (Turnbull's blue), h'e 5] h’e(('N),}]^ This druvs not 
dith r in <'olour (rom tru<“ 1‘russian bbuu It is insoluble m hy<lro- 
t lilorie acid, but is rcadiK d<‘coin])<>sed by alkali hydioxnh' \\ Inui 
ilir inm solution is v(uy dilul.4' the icagent pro<lnces only a dark 
Muish .i-rceu coloration. 

II. Potassium thiocyanate has no elfcct whalcvn- upon solutions 
')! tcirniis salts 'not eonlainin;/Jeinc ion. 

12 On Ireat.in;^ a ferrous salt solution with (‘\ci-ss (jf concentrat(“<I 
Milfiune acid and <lroppnie a crystal of potassium nitrate mto t he 

'Solution, brownish-rcd stK'aks pn.Ka'cdinjf from tin; ciystal will soon 
appear (solution of nitric oxide in ferrous salt). See also the icaction 
"I nitiate ion, S<‘c. l.’U), 6. (.Method of detectjnjf f«Trous salt in 
presence oi ferric, salt. Hlum, Zeilseh. aiud. (hem., 44. lu) 

1'*. An a(pie(»us solution of a-nitioMif-naphthol piodnces in 
'lihitc neutral solutions of ferrous salts a lirccn coloration, whilst 
"11 staiidinjf a slight lloccuihmt gi'ecm j)recipit.ite of fenous nilroso- 
fnaphihol sejiarates. Free mineral acids {i.e liy<iio^en ions) 
pievcnt the formation of tlie <‘.om])ound, which is theiclon* also 
net produc(id m concentrated feirous suljiliate solution conianimg 
buric sulphate [i.e. hydrolytically dissociat«‘d). But d .sodium 
acetate is abided the preci[utate is formed. On adding an excess of 
'/'iiitroso-^-uaplithol m acetic acid solut ion to ferrous salt solutions 
liicre is produced a greenish-black prcc.ipiiate. iMiiixture of Mie ferrous 
‘Old Iciin- salt, wlin li cm standing is coiujiletidy convcilisl into tlie 

ietric compound (Sec. 02, l^J). 
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14. A solution of na}Menw<wid in petroleum .spirit, when .shak«m 
with a mnitral or sli^^litly acid solution of a ferrous salt, extracts 
the whole of the ferrous salt, wliicli imparts an intense cliocolate- 
brown coloration to th(! |)clroleiu'}i spirit hua'r. (J)istinction from 
ferric ion ) {CharilsclikotT. (■hem. Znf., 35, 

Jo. On treatiM.i< a solution of a haaous salt with a few drops of 
'fihospholuwjstiv acid ■laujivi {2 ^niiis sodium phosphotungstale, 
c.e. hydrochloric, acid, and ihnO (• c. of water), utkI adding soiliuin 
Iiydroxido solution, an intense sky-bhu! coloration is jiroduced. 
(Distitaction from feme compounds.) This is a very sensitive 
reaction (IJiclnuid k Jbdot, ('hem ZrHlruUd . I'JO'.), 1.. ] 19(i). (4thcr 
nalucing agents give tlui saiia^ r<*action, winch is thus not a specific 
ferrous ion nan lion (Ihjpcsco, ('Iniit. Znilndbi, Mllb, II., 127). 

1(). WluMi a. solution of a ferrous salt is ticafeil with tartaric 
a<-id. a little aholiolic diiitrtliif/i///fi>.t mr solution addc<i, and then an 
(excess ol ammonia, an int(*iisc red coloration is pioducaal, which ladi's 
on exposure to tin; air, owing to the oxidat ion of tin' fci rous com|)lc\ 
hVrric compounds do not giv<i this reaction, which is a very sciisiti\«‘ 
one {Slaw’ik, ('hon. 'Zcil.^ 36, Td ; Ts( liug.ajclf and OiclKin. 'Znlsi-h 
Ofu’m:, 89, ‘lOl ; Zfit.sch <tmd. (diviii , 54, .‘;7fi). 

17. Rrolocdhrinnr, ticid do(‘s 7iol allVct a< id solutions ol ierrous 
salts. (J)istiiicli(>n from fcnic cotiipoiiuds) Jn ■AKjIdhj alkaline 
solution, (!ven w hen very dilute, it prodia es a trd coloiat ion, which m 
( h'stroyed by excess of li\dio.x\l ions. It is, tlieie.lore, l)est to tic.it 
the sliglitly acid solid ion ol I In* Iciious salt with the reagent, and 
then to add sodium caihoiiate solution, an (‘.xecss of winch has no 
injurious elb'ct. If other cations are present wdiieh foim coiouied 
precipitates, lhi‘ lupiid should be liltercd to make tlie coloration 
more distinct. Substanei's whieli have a disturhing inJlnenee on 
oilier reactions of iron ions in alkaline solution do not alh'ct this 
colour reaction (0. Lutz, ('hnn /cif., 31, ‘>70). 

18. Barium carbonate docs ?/o/ produce a precijiitate ill the cold 
in acjueous solutions of ferrous sails, with (he oxcejition of ferrous 
sulphate. 

JO. Borax di.ssolvos ferrous compounds in the oxidising tJnnuc 
forming yellow todml' nd glas.scs On cooling, ih(‘v ii.p])car colourh'ss 
to dark yellow. Jn the inner 11ame tlie beads Ix'come bottle-green, 
owing to the reduction of tlie Oivalcnt iron whicli has been formed, 
into divalent iron AlkiaU phospliate behaves in a similar manniu’. 
J)Ut tlie colour of its ol.ss fade's to a more jironoiinci'd extent on 
cooling, and the reduction jilnmomena are less distinct. 
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20 When reduced on charcoal slichi (p. 88), ferrous compounds 
vK'ld a dull Idiu-k j)ovvder which is attracted hy a mai^nct. Tiie 
reduc'd iro)) yields, when dissolved in a few dro[»s of a</ua rct/ia, a 
\elIow solution, to wliich the ti^sts descri])ed in Sec. 02 may be 
ajt])iied. 

21. With regar<l to (lie micfochcniical dclcrtion of ferrous coni- 
j)(uin<is, see Hausliofer, M/kroskopiscln^ Rra/diaacn, ]>. 48. 


(i2. 

(^) Ferric ion, IV. •. 

1 As iiK't with III nature, erystallimi /err/c oiidc, hV^Oj (iron 
u.\id)‘). i^ steel ”iev. When j^romul up it yields a browniah-red 
|K»\vde,r. as does also ironstone and all artilicially prejmied ferric 
oxides. 

lu'iric, lt/i<lnnnlr is iiiorc reddishdu'own. Both are .soluble in 
h\drneliloi'K', niti'Ky and suljiliiirie, acids -tlie. iualro.vide readily', 
.Did dll' oxi'le with nioie ilillieiilty and only' completely after lieatine 
1‘ r a lon^ lime. Be<lii< in^ aj'i'iits on the one hand, and rnaiiifanesc 
dmvide on the other, j^f'aliy i>i'omotc (lu^ solution hVrric oxide 
di-^Mjlxes with eompar.ilive east' in livdroliiioiic aeid {Deu.s.sen, 
/m/s/7/ ///////•/(’ ('hrat., 18. tSl:)). When h<'atcd in a currt'ut of dry 
h';di‘<ieen chlond«\ ferm. In'droxhle is eonverU'd into ehloiKh!, which 
\n!;ii discs Bart of tln^ iron remains helund as feirous eldoride, 
hut if I \\{‘. hvdmaen chloride eoiitaiiis some chlorine t he volatilisation 
IS coiiiph'te. (Method of separ.ition from aluinimiim ((iooeh and 
llavTiiis, C/icin Zrnlntlhl. ! , 1270), and from chromium, 

/in oiiium, aial bervliiuin (llavi'iis and Wav, Zci(.<!ch anorifan. OV/cm., 
21, ;i.S',>).) i<Vi rolls It'rru; oxub', hcjO,. is black ; it ilissolves in hydro- 
' hhuic .leid as Icrrous an<l fcirh' ions. an<l in atfaa ro/ia as ferric, ion. 

2 The neutral aidiydroiis frrnr sails aie nearly white; th*i 
basic salts are ifi'Uow or rcddtsh-broion. 4’he eoiour of tin* solutions 
IS bniwnish-vcllow and liecomes reiidish-vellow when heated. Tlio 
sohihle neulral salts redden hlma^, owinjif to hydrolysis. 'I'he ferric 
udts of volatile acids arc d('<-oin)»os(al when heated. 

Ferric chloride, is much more soluble in (flier in the pre.senco of 
hydrochloric acid tlian in water, so that it can be extracted by 
shakin<T its a<iucous solution with ether (satur/ated with liydrochloric 
" id). This affords a moans of separatin;> iron ion from tlie ions of 
many otlicr metals {aluminium, chromunn. mauf^anose, cobalt, nickel, 
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uranium, copper, vanadium), and incompletely from titanium, zinc, 
calcium, magnesium, potassium, and sodium. 

3. Hydrogen sulphide pnHiuccs in solutions acidified with strong 

acids, es[>(‘c,iallv' on heating, u iiulk//*'w/ii^r o/hhrruled sul-phnr, 

tlic ferric, ion lamig ineanwliile reduced to h-rrous ion: 

2 hV ■ 1-21I--1-,S 

for example 

Fe.(S().,)3 IJ1-^ - -».r I -1 >4+M 

On tlie rapid addition of liydrogcn siilphidi; water to mnitral solu¬ 
tions tKero is produced, in addition to the .separation of sulphur, a 
transitorv lilueddack <a)loration (prestnnahly due to the momentary 
formation of ferrous su][)}ii<lc). Hydrogen sulphide precipitates 
most of th(‘ ferric ion from a neutral solnf ion of ferric acetate, but if 
a suflicieut (piantity of fn'e a<-etie a< id is present (mly sulphur 
aeparati’s. A solution of a. hnric salt eontaining sodium acetate 
and a large amount, of free a< el ic acid vu'lds, on treatment with hydro¬ 
gen Hulpliidc in the cold, prac licallv nothing but separated sulphur, 
but on heating tin* liipinl jiart of the ferric ion is preeijiitated as 
ferrous sulphule. Monoclilomaisdic acid, and also formic acid, 
wlu'n a<ld<‘d in sullicicnt (|iia,ii1 itv. prevents the precipitation even 
wlien alkali salts of thes«* a.-iils are pres('nt and the li(iuid is heated. 

4. Ammonium sulphide ]>?'(*eipitates from ncuiral and alkalinr 

solulions, and hydrogen sulphide from alkuliue. soltiium'i, the whole 
(tf the ferric ton us hluck hi/druleu iron sulphide. In many cases this 
is invariahlv ferric sulphide, as c/j. wlieii a neutral solution 

of a ferric salt is dropped into excess of a solution of yellow ammonium 
Huljihide {Horzi'lius). Acconling to the experiments of Stokes 

tlie inti‘raction of ]>rec.ipitatod iron sulphide and zinc, hydroxide 
{Chetn. Zcnlrulhl.. l'.H)7, 1., Ihtid), ferric, sulphide is always precipitated 
from alkaline solutions. In other cas<*s. e.ff. in jircscma^ of a neutral 
salt of trivalent inm, the a(pie()iis solution of which undergoes 
hydrolyti(! dissociation, tlie ^nvcipitate is a mix! uro oi fenous sulphide 
and sulphur, since* under tin'so eonditions there is first re<ln( tion with 
the sejiaration of snlplmr, and then precipitation : 

2Ko---h:i(Nll4)2S-21'\'SfS I (JNilj 

for example 

2Kcrl;j i-;i{Nl[4)^S 2KoS-l-S-fhNlf4C'l 

III the c-a.se of very dilute solutions the reagent at first produces 
only a hlackish-green col(>ration in the liquid. The colloidal 
ferrous sulplii<le only separates as a precipitate aftt.T .standing for a 
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lon<' tiiiie. Ammonium chlorido has a pronoumod influence in 
|.n)Miotinj' the separation. The solubility charactenstios of ferrous 
sul]tlude have l) 0 (*n j^iveii in the section on feirous ion (Sec. 01, 5). 

Ti .inuti^DUUiti l/iioarcl<ft(’ eaus^is immediate reduction to ferrous 
/i>ti m :u id solutions of ferric salts; it pre<-ipitates hurous sulphide 
hoiu iiikaime solutions. Sodiinn (Imisid^dKiU' ^ives a vioh't color.ition 
\Mtli .solutions of feiric salts, and reduces the iron to tlio divalent 
. midition, but does not form a precipitate. 

0. Potassium and sodium hydroxides (also xlhdi lu rondrs) and 
anuiionia jnuducc a aduviimns rcddish-ljiowti pnriiiiUifc of%ferric 
In/iliot id^\ Ke(lHl);} (c(mtainin,if alkali), which is insoluble m excess 
ot I he jin'cipitant ainl in solutions of ammonium salts. Non- 
\oi,ilile oi'canic. a< ids or snjj;ai‘, when pi'»‘sent in sul!i»‘ient. (piantity, 
ciilio h' prc'vent' the precipitation, owin^ to the formation or complex 
.itiioiis (c/! Roszkow'ski, Ze/lscl/. /itior;/aii, ('hem., 14, 1 , Zcilsek. omd. 
Chrrn . 37, III) 

'/jtiu' u.cide and mmetirif oxide piecipitati^ liivalent iron as 
It\a]to\'i<|e in t'lie .s.imc wav as tli(5 alkalis. 

7 Potassium cyanide produces a reddish-brown prc<-ipiute 
of /line ciitnndr, Re(('N')j, m solutions of fcriic salts 'I'he jirc- 
Mpibitc dis.solvcs m excess of |)o1assium cvaiudo solution, forming 
(he ions of ]>ot.issiMm fcrricyanidc, K.^Re((lN), 5 . 

Potassium ferrocyanide pm.luci-s, i-een m ddule solutions <i (ine 
hhh- fitei-ijiihile i>ffen le Jerroe.ifiintdr {Frii.\.'ii>i/b hlue) R<r,lRc(('N)t 5 l{- 

lKc('!,-b3K,Fe(<'N)« -1'V,| Ke(<’N)J, !-J2K(’l 

Tlii-^ is only slightlv soluble in hydrochloric acid, hut. is decomposed 
l'\ |n4assiuni liydroxide, witli the, scparatioii of baric hy<lroxide. 
Ihiis.siaii bliu' is somewhat solubhr in e.\'<-css of potassium ferroevauide 
'"lution. 

Minute tiar-es of ferric ion cannot he dctei tc.d by means of potas- 
lerrocyanide in solutions ('orilaining a large amount <jf hydro- 
<liloiir ;u'id or in neutral solutions e.ontaining much ammonium 
'liloij'lc \i\ the case of sohitums containing ammonium chloride 
dc' icactiun IS mdy [uoduced after tlie addition of Imlrocldoric acid 
(’^ iilpiiis). Ammoniacal solutions of ferric salts which have, been 
treated with taitaric. acid do not give a pnrcipitate witli {xitassium 
ferrocyanide. {l)istinction from manganous ion. L. Jiluin ) 

'•». Potassium femeyanide gives a darL nddish-hruivn eidoni/iou, 
no precijniuU-, with solutions of feiru* salts, 
lo. Potassium thiocyanate, when added m not too small a 
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quaatity to <i<id sohUioHn of firrit- Mtlis, produces an wtctune blood- 
red eolorniiot), owiii^ to t lu' format ion of ferric, thiocyanate, Fe{CNS) j, 
or of S()lu))Ie, ferric, potassium tliiocyanat,** (Kriiss and Moralit). This 
colour disapjx'ais on addim^ a ahohol and heatiiif' the liquid. 

In tlu! case o[ solutions of ferric salts winch ha.vc hoou treated 
with sodiiun acetate, and so (adoured luoro or h‘ss red liy thi; resulting 
ferric a<;e(afco conqiie.v compound, tlui Mood-red coloration of feme 
thio(‘yanate only ajqtoars afti*r the addition of a lar^e amount of 
hydrochloric acid. 'I’his is also the <ra.so when the solution contains 
oxaliiy, tartaric, (utric, iiiidic, iodic,, ])hosplioric, arsenic;, or hydro¬ 
fluoric acids. The )>rosenc,c of mercimc, compounds iidluencc or 
jircvent the occiinence of the riMction fn the ]>resencc of vilnr. 
acid the reaction must he cnrrn'd out in tlx' t’o/d, because^ hot nitrir 
acid decomjioses tliiocyanoifen compounds hv oxidation; if tli<‘ 
oxidation is not complete the vtiile noi formecl may ilsrlff/ive a od 
coloYitfion, so that, on the one hand, tlxu'e mav l>e no reaction when 
ferric ion is jm'sent, wlnht, on the oilier hand, under cjutain con¬ 
ditions a real coloration may aj>]ic.ir when it is ah.sent. Hy means 
of potassium tliioc\anale ferric; ion ma,v he (h'lia ted in solutions 
which are so dilute* that no other reaeeut pi'o«liic-es a perceptihie 
reaction with them. In such easi's the nal coloration prodiicc'd mn\ 
he r(H;oeniscd most dislmclly wlien the lest-liihe is placed on white 
])n{)er and viewi'd fnun iiho\e The' smisit ivcih’ss of the laantion 
may be still furthc'r inereascal by treatin;^^ the* solul lou cemtainine (he 
fc'rric compound with hydrochioric acid, and t in'll with au excess of 
a solution of pota.s.sium thicxw'anate, Iresiilv prejiared from tin' 
crystals, and shaking; it j^c'iitly with a little cMcr. The ferric thio¬ 
cyanate* dissolves in the other, and the ethereal layer is then nd>re or 
Ic'ss red in colour. 

11 Barium carbonate pnripiude.'^. even in the cold, the whole of 
the fen fc ton ns: ferric hijdioxide mixed with hash; salt. {Method of 
sepnrntiinj the ion.'i of trivaleot non from the (heohnt mx.s of the fourth 
fjroiip.) 

Analogous ]>reci])itations of basic forrie salts (and effc'ctini^ tin* 
same sejiarations) may he ])rodiieed bv trc'aiiiijf suitably dilute* 
solutions, eontainiiii; ammonium eldoride, in tin* cold with ammonium 
earhonute 'until a permanent precipitate is iwa 1 1 1 //(wmed {winch might 
contain carbonates of the divalent metals), and tlion precipitating 
tin* ferric hydroxide' mixed with basic ferric .salt; or by treating the 
neutral or still slightly acid solution with a e'entain excess of alkah 
acetate nx formate and then boihng it. In all these cases hydrolytic 
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dissociation of the lUMitral ferric salt occurs On heatinj^ tlio litjuid 
tiic feme liydroxuic- then present in coiloKlal solution is j)reci])itate(l. 

12 On inhliti^ a small (piantity of a solution containing ferric 
ion to the Idue li<iunl oldained treatinji^ fnmnui hydriKhlonc <icid 
w it h ii ill lie coOkKoU': cl/londc or nifnilv, t he l»Iue colour of the, solut.ion 
ilianiAes to (jircii. T!i<' ri'action is purticuhiily suita!)le for tlie 
detection of ferric, ion in acids or in tin; [n’e.scnco of ferrous ion 
(\ eiialdeh 

13. A. solution of a-iiifrif.^o-f^-tutplillnd in <lilute (about .5(1 piT 
cent) aectic acid prodiu-cs jii neutral or slightly a<-i<l Holutilms ol 
feiiK' salts a •! oln i)ti hoks IjiVivni.'.Ji-blurh jim-i iiilalc of Jfruo tnito^o- 
(CjolloO N'0)jl'\‘. (Oistmction trom many metals, but 
not fiom col)alt and cupper. Jiinski and von Knorre, Brr , 18, 273«S.) 

] I Protoiiihvlinic .soluliiiti. [iKxluces in sli^iillv' Ui'id solutions 
ot feriic salts a hho-^li-tfn'cii coloration,and in nlhalnu- solutions 

a ml coloiation. The coloration is deslioyed by I'xcess of aeid un<l 
alkali Iiydio.Kidc (but not b) alkali earbonate) On u<ldme a few 
diops of the reai^enl to an acid solution <d tiixalcnt iroD, and then 
an e\c(‘ss of sodium carbonate, a rcil coloiation is oblam»al, o\eii when 
Ike solul toil IS ddiiicd to I; I(»,(KXl,lKK) {() Outz, i 'hen} Ztil , 31, -aT(>). 

J5 \ solution (d fJ/i)hei}/jlcinhti'./(le in pi'troleiim spirit pioduces, 
ulien shaken with a lerrtc sail s<»lution, .i peaeh-icii cohnalion 
(('azeiieuve, Zeif.srh. (ina/ i'liei)). . 41, ."(IS) 

|(i Po((i'<sittiii iiio(ijl'ileii)())i cif(iiii(fe ^ives an 5///c rnloHiho/i 

\M(h solutions of feme salts, even when va'vy dilute The. lea^fenl is 
picpaied liy mixing' 1 jiait ol potassium mulylMleiium chloride, 
KjMoCl^,. with 2 jiaits of pota'^sium cyaiinie, .yiadnall) a<ldin,i' 
<) paits of water, and iicatin^ tlie whole to liodine point. 

17. Jo'irii; salts behave in tin' same wav as leirous < ompounds 
when fusu<l into borax or alkali phosphate beads, or heated on 
eh'iicnij siK-Ji'.s (p 8S). 

13 With regard to tiie tiDcioeheiiiinil drleelion of tiivalent iron 
"' I' llaushufer, Mikiosk(}in:>ehe lle/ihlti}i}< n, ]). l«S; Ih-hiens-Kley, 
Mihoc/i c/unsr/ic Amdjfisi'. 3id ed., p. <^l; Scliooil Z> iheh nval. 
00/n,^ 48, 215, 220, 572. 

Si:r. 03. 

Suminarij and Remarks on Oroup I V. 

In the course of an analysis the, mtunlicrs Group IV. are usually 
prci ipitated as ludiateil sul])]iides by treating their solutions with 
•nnmommn sulphide. Accuidiiigly. in tlie iirst place, (I.) we give 
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an outline of tJn‘ inctliods hy wiiieh the nictals containoti in sin li 
2 )rccipitates may, as a rule, best be detected and separated frojn 
one anotlier wliim tliey are. all present to”;(‘tlier, by means of tlir 
reactions di'ScnlxMl m tiie preciMlinLC sertions, an<l tlien (II ) descrilic 
a few additional methods winch oiler special advantajLies in certain 
cases. 

1. A. I Since cohaltoiis sulphide and nickelous siilpinde aic 
only very sli^ditly soluble in iliiuti* hvdrochloric. aciil ((“speciallv 
when hvdrojii'n siilj)lnd(‘ is present), whilst tin* sul|)liides of non. 
nian}'a*nes(*, and zinc aic readilv soluble thcKan, a imdlioil basial on 
these facts js t.ln* most smt..dile nu'aiis of scpaiatine imkcl and 
cobalt, or at least the i-i'eatei' jiait of tlicm bor this })urposc, }.|m‘ 
moist; ]»recipilal e of tin* sulphides is ticalcd with a suHicnnif (piantitv 
of a mixtun* of b parts ol hydrogen sulphide water and 1 part of 
ordinary liy<lro( hloii<- a< id of sp. i*,r. I 12 , ^ with constant stirnie^ 
Init witliout. applym^f le'at 

'I'lu^ sulpliid(‘s of nickel and eohalt remain almost (jiiant.ilativadv 
in the residue, whilst tJie oilier sulplinles dissolve as ihlorides, with 
the evolution of hydrogen suljiliide The ]ireeipitate is sejiarated 
and w'ashed with water, to which it is advisabh' to a<lil a little 
hydrojicn sulphide water. 

We deal next with tie* insoliibh^ prenpil.itc. ami tlien with the 
liquid filtered from it. 

2. For the, E<'i>(ini(n>ii. of rolKilt from vlrhl it is best, to dry the 
filter jntper contaimn^i the pi('ei|>itat.e. to i<iml.e it in the presence ol 
air in a poreidam enn il)!e until liie carbon from the paper has Im'cii 
burned, and to heat the H'sidiie with li\’drocldorie ainl with tli<‘ 
addition of a f<‘w <lroj).s (d mliH- amd. If mm h ferrous suljihide was 
jiresent, the lesultm^ .'aiintion will, as a rule, still contain a small 
quantity of feme ion, in addition to the ions of cobalt and niikd 
}lencc, after dilution with a liit.le water, it is treated witli a moder<ile 
excess of ammoni<i, lilti'ual if neccssaiy, and tlie am moiiiacal solut ion 
cva^ioratetl to dryness in a small ponadain ilisli. Ihe ro.sidiie is 
coiiqiletely freed from amniomiim salts liy gentle ignition, and 
dissolved in hvdrochloric acid conlainmg a few drops of mtrie acid, 
the nickel and cobalt ions precipitated witii sodium carbonate,- the 

^ If ttie jirocipitato contains any censKlerabic qunntily of Uic other sul¬ 
phides, (he hy<lro< hh>nc acid may tx' dilulcsl witli water instead of hyilrtigi'ii 
sulphuh' wau'r, since under those conditions suniciciit liydiogen snlpladi' will 
bo lib('ialc<{ by tlio acul. 

“Should no prccijniatc be piodiutd. the junmoiuuni .sails cannot hove 
been com])lcU'ly oxjKdhal. 
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liltomK tlio proripitate dissolvod in the smallest possible 
<|uanlitv of aeotic acid diluted witli a hide water, and the solution 
treated with a coiieentrated solution of potassium nitrite and a IMv. 
nioie aeetii- acid, so tliai. the reitetion is stron^^ly aeid. (.'arc must 
lie taken tlinui'^hout. tlie whole process that the volume of liquid 
does not iK'Come too <froat {^^ec. hO. lo) ()u allowing.; the liqiiul to 
staixi in a warm jdaee 1h(‘ eol>alt. ion separates (soon if a considerable 
ijiiantit.y, and after some time it only a small amount is ]irescnt) in 
t)i(‘ form of Yi'llow jiotassium eobaltinil i it(“. d’lie liquid is filtered 
aft(‘r aliout 12 horns, ami niclod ion preeipitaled from tlie liberate by 
means of potassium or so<iinm'hydiao\ide. In eaeli ease the j're- 
(ipitate sliould he fused in a borax liead as a eoufirmaloiy test 
(See (|(i, L'l. and See b'l, 25). 

Another method is to <lissolv<i tin' preeipitab'. obtained by moans 
of so<iHim (ai Inmate in livdrocidoric aeid, and to t<“st part of the 
suhition for iol)alt loii with a-nitruso-/iJ jiaphtliol (See. (io. IS), ami 
.motlier jairt for niikel loii with diinet hvltflyoxime (See,. .511, 111) or 
dievanodiamulim* sulpiiato. 'flii' use of these reaetions may be 
(>|ic<]ally r(‘eomnHm<h‘<l wlion very small amoimts of the eation arc 
to be dete<-tod. 

3. Srpamiivv of iton. -The tUtrate from t lu* e()l)a.lt and nickel 
•siiipliide ])nM i])itato will contain tlie iron as b'rroits ion, together 
\^it!l the manganous and zinc, ions, and any ri'siduul traeos of eobaltous 
and mckelous ions. Since iron ion can only b(‘ separated readily from 
the other eat.ions when it is pieseni in the tiivalent eoiidition, tlic 
liquid ks first boihal for a suilicieiit time to expel tlie liydrogen 
suljtlude, and mtiic aeid adchal to tiio gently boiling solution until 
the Terron.s ion l»as been eonqiletelv convoited into ferric ion. (fn 
doid)fful eases eortaint-v is attaiiK'd by tissting the li(|ni<l with a few 
dio[»s of potasinm ferrie\ anide solution ) d’he iKpud is (•o()led. ami 
the ferric ion pre<-q)itat.ed a.s basn (erne sail, h’or this purpose one 
of tlie following methods inav Ih* eho.sen ;— 

(u) The free a<‘id is meniv neulrahsiMl by the c<intioiis addition 
of sodium earboriate, Imi the solution must stall lemam (h-ar (any 
I'leeipitate produced lieing ri'aljssolved bv the addition of a dro]) of 
hydroelilorie, ai-id), and the lujuid is treated with a moderate- excess 
ef ])recipit.atcd banum carbonate, so that some of it remains un- 
lii.ssolved, then thoroiuihly stirred, allowed to .siTtle. and filiereil. 

(^A The solution is diluted to a sulHcient e.xteiit, am! treated with 
a fairly larg(' <piantitv of ammonium chlond(', and then cautiously 
ammonium cuilionate (in dilute solution) until the liquid, 
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vvliich must still slow an acid reaction, shows .signs of hocoiiiin^, 
tiirWd, after wliieli it is Imiled for a short time, allowed to stand, and 
filtwd while hot. 

(e) The Holuiion i.s (liiiiied. sfdiiiTii carlfttnuto ndded until tin- 
Jicid irt ne<arly Jieiitralised, atnl th<‘ elciir. still |iere(‘ptil)ly acid li(|iiii| 
treated with sodium carhonafe. Iie.ded to hoiliiio point, allowed \u 
stand for a short time, arid lilleied. 

If one of tlieso inetliods has Ikmui used tlie jiresence of ferric ion 
may. as a ruh', he recognised at oiiee Ity the oeine eolour of tin* 
preeiphrate. In doiditful eases a lillle of the pn‘ei[>itate ina} he 
dissolvetl in liydrot hloric acid, and tint dilute solution testeil with 
potassium ferrot yainde or potas.siutn Ihiocviinate. 

4. ^(’paiotiov of Tnainjinic^c ond The filtrate from the hasn 

ferric salt may now contain manganous ion, zinc ion, and traces ol 
coiialtoiis and niekelous ions. A good method of se[iaia1ing man 
gallons ion from tlie other eatioiisniay he based U}»on the soluhihtv 
of manganous suljfhide in acetic acid. 'J’Ih* sejiaratioii liy this me;uis 
is best elTeeted hy one of the following luclhoilH (jireferably after the 
separation of Imritim ion l)y means of sulphmie aeid, when baiiuin 
carbonate lias l)(‘en used for the iirecipitation of ferric ion (3 (^/)) 

(a) The solution is treated in a small boiling flask with amnmnium 
cliloride, then with ammonia, until the leaclion is alkaline., and lastly 
■with ammonium siil])liide, allowed to stand in a warm place, and 
filtered. Tlie precipitate is washed with water to which a little 
hyilrogen sulphide water has been aildcd, tln^ liltcr eontainiug it 
spread out in a small basin and trcateil with a mixture ot al)out 
C(pial ])arts of acefi<’. acid (sp. gr. 1 01) and water, and alter about 
five minutes the Ihiuid is diluteil with water and filtered, an'd the 
precipitate w'aslied. 

(h) The following method is more accurate, hut somewhat more 
tedious. The solution is tnaited with excess of ammonia and tie-n 
with acetii^ acid until the reaction is acid, sodium acidate added, a 
current of liydrogen sulphide introduced into the licated Inpiid, 
which is th<*n allow'cd to stand, and tlie precipitate filtered off and 
wavshed. 

In either case the solution, in which there is free acetic acid 
and hydrogen sulphide, will now contain the manganous ion, and 
this may be separated as •follows : — 

(a) The solution is treated with ammonia ami ammonium sul¬ 
phide, and the manganous ion thus proeijdtated as sulphide ; {^) Tin’ 
solution is concentrated hy evaporat nm, so as to remove the hydrogen 
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siiljiliiilo, ivnd the manganous ion prooipitated by means nf potassium 
),v(lio\i<le as manganous hydroxide (which turns hrowi\ on expos\ire 
t(i the air, owin<' to oxidation) ; (y) I’lio solution is tn'atod with a 
little hvdrol)r()niic acid until it is* distinctly yellow, and then with 
iiiiunonia. and the manganous ion proci])itatcd as hvilrated tlioxide 
by boilinj; the li((niil. Of these methods the Inst has th(‘ ailvanta^e 
i.f ifveat sensitiveness, mul .that, owing to tlie hrownish-blaclc 
('nlf)iir of th(‘. pri'cipilaU;, any fiirtln'i test is, as a lule, unnecessary. 
\s a conlirmatorv test, poitions of tin' etiniponnds ])recipitaled, as 
(IcM-rilied in a, ft, or y, may lx- fusi'd with sodium earfionate 
■M eoidni” t-o Sec. -’iS, lit. 

.') Ihirrti<})t o/'—The insoluhh' residue* left after the 1 la^at- 
iiienl wit h aeetic acid, as in I (e), or the pi(M'ipitat<* prn<luced bvuu'ans 
.,1 h\dioL;('n sulphide from the solution acidilied with aci'tn- .iei<l, 
.i< III 1 (/'}. cont ains zinc sulphide, t lie white, < (iloiir of which is more <ir 
le-s masked by the small amounts of the sulphides of cobalt and 
iit< ke| which it eoiitams hor the detection of //me the precipitate is 
spread out m a p»ireelaiii disli and treati'd with a mixtuie of about 
o parts of hydro^mi sulphide water and 1 part of ordinary livdro- 
ihl'iie acid of sp yr. 1'12, and after about live minutes the aei<l 
solution, which will now contain tin* zinc ion. is liltered from the 
uiidissoK(‘d niek(‘i and cohalt siilphi<!cs AVIieii the liltratc is t reated 
w i(li so<lnim a< elat a* 1 h(‘ ziiu^ ion is pi or i pita ted as whits* zinc sulphide, 
fiec from the tra< es of mchol ami colialt ions wliicli have lieen dis- 
solwal by tiie livdroi hloi'ie acid, siiire the sulphides of those iiK'tals 
iiie not piceipiliilcd m the cold under these eomlitions (Sec. ot). I, 
and Sec ho, I). If so lilth* cobalt and mckcl ions wvre present that 
they Were not. d<‘t<Mled in 2. the residue of sul[)liidcs obtaincil in 5 
must slili 1)(‘ ((•st<*d for t lu^se cations by the methods dcsenbed in 2. 

li Mi(/k)iI of Rothchvr nnd of Ehlri. (1) In this method a con- 
(entiMlcd soluliun of tiu* cldorides of nil the metals of the fourth 
^roiij) IS used. Sm It solnl-ion may be obtained by dissolving the 
Milplnde prmipitate in concentrated iiy<lrocliloric acid, with, if 
n('( < s-,ary. tla* addition of a little nitric ai id (wliich, lio\\<‘y(‘i“. must, 
•ml) be »*mplo\<Ml when complet<^ solution is not ellVcted by hyilro- 
'iileric acid alone, and then only alter eomplete removal ol the 
lo di'oyrn sulphide), evaporating the.solnt ion to<ii vness, nml dissolving 
tin- residue in a, litth* water This solution is tr(‘al<“<l with l<i e e of 
•' per ( rut hydrogen pero.xide solution, and addl'd sluwl\ drop by 
'*''*'p- '^'illi continuous stirring, to altoiit .')() c c. of (‘(pial parts of a 
fieshly-pri.pared 2-'> per c«*nt. .soilium hydroxide solution and g ])er 

IT 
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cent.. Iivdro^en iM'ioxide solution, uiid tlie whole diluted with wulci 
and lilteriMl. 

2. The filtrate will contain the zinc ion, and this may bo ])rc- 
cipitatcfl as wliite zinc snl])hide li*y means of liydro^en suljthide or 
ainnu>nmni sulpliide. 

3. TJie prccipifate wdl (‘ontain baric; hydroxide, hvdiatc-d 
manttanese dioxide, and coball ic or nicKc'lic. (or nickdoii.s) liydroxidc ^ 
It is dissolved in hot conci'iitrafed hydioehlonc acid, and the acid 
solulion Inaitc'd with hvdro^cn pc'roxnh' and [toured into a niixtnii' 
of e(pii.l [tarts of strong aniiiHtnia solutMin and 3 j»(‘r <i“nt . hydrojicui 
[teroxide. 

A. Th(“ ])re( i|iitate conlaminy the iritn and lunnaanesc' is dissolved 
in Jivdrochlorie acid, and tin* solution Irec'd fi'Uii ehhuHU' treated ni 
tlie cold w'ith amiiioniiim i hhuuh' and h\dro\'\ laniine ehhtrule, and 
tlien with excess of aiiinionia. and healcMl in a eoveti'd vc'ssel on lln* 
watcM’-bath. Tlie h-rric nni is prcM ijtil.itetl as leiiie liydroxide. 
wliilst till' maniianons ion in the filtrate is |ii(‘ci|n(a(ed as siiijtlndc' 
]ty means of anini<niinm snljtlnde. 

5. Tlie filtrate, (‘ontaininy the iiielo‘1 and eoltali. in tin', fonii 
of ammonia enmjth'Xes, may be' tiealc'd by one of tin; follouiny, 
liK'thods : (o) It IS ('vaj)orat(‘d to dryness and the resjiluc' n^iiiled In 
remove ainmoninm .salts, or evapor.iteil witli luinina nitric acid, and 
then treated as (h'seiiix'd al)o\e m A. 2 (b) Tlie niekel may be 

precijiitatc'd dirc'etiv b\' means of ilievaiiodiamnbiie snljtfuite and 
sodium hydroxide fmin ihi' filtrate (diitaimnt; the niekc'l and eob.ilt 
ions (In'i'anse the (obait ion is jin'sent in the trivalent condition and 
is, therefore, imt |)reei|)ilatc(l bv soilinm hydroxide from ifs ainnio- 
niacal solution) Tin' cobalt mn may then bi' |>?-ci ipilafed Irolii the 
filtrate as siilpliidc bv means of ammonium sul[ihi<le It may aNn 
lie preeipilafed with a-ml.ros«ej3 naphthol fiom another portion ol 
till' filtrate sfill coiitaininu nnkel ion. 

('. 1. d'he hydrochloric acid solnfion of tin' ealions ma) aKn 
Ix' treaU'd wilh ammonia and bromine water, wln'ieby ferric and 
manganous ions are prec ii'itated, and may then be sejiarated as 
described above. 

2. The solution is tn'ated m the cold with sodium hydroxide, 
which preeijiitates the niekel ion as hydroxide. On boiling the Ultrate 
cobalt ion i.s )>reci|>itated as hydroxide. The filtrate from this will 
.still contain zinc ion. and this m.iv bi' [>reei|iitat<'<l by means of 
Indrogen suljiliide. after acidifying the solution with acetic a<‘id. 

' See. r>'l. 51 
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! r. Wo now (loHcribc some other methods wliich may he used 
With advantage in certain special cases: (1) If it is a c|uostion of 
M jtarating siiudl (unoitnls of iron ions from the other rations of tlie 
loiirth group, tlic host nu^thod is,to treat the solution (wliicli must 
(otilam the iron in trivalcnt form, and must tlierefore have been 
<«\i<li<ed if necessary) in the (•()!d witli aiumoniuin chloride and a 
niodciate excess of ammonia, and to lilter oil rapidly the* small 
aiiioiint *)f precipitated fmne hydroxide. If tiltration is delayed, 
]jait of the manganous ion will s(‘]>arate as manganous manganic 
hxdroxide with the feme hydroxide, owing to the aetion*of the 
•itninsp}ieri<‘ ci.wgen. J)V n*-dissolving tin' jirec-ipitalt' in hydro- 
(hionc acul, boiling the solution for a short time, and again pre- 
«ipit.ilmg feme liydroxi'le in the cold by means of ammonia in 
. \<» tlic scpaiation td feme ion from the other cations is rendered 
.lllllo^l. < nm])letI )V a<lding hydroX’^ la mine chioi id<‘ or a li\ dra/.inc 
'.ill llir pre( ipitiilmn of mangain'se may be prevc'iiled, am! in tliat 
< ,i'i- I li<‘ <!()nltle preeipilat nm need not be made In tln^ presence of 
(Dll-idei'.iblc <|uantit.ics of iron ion, t he nietlmd cannot b(‘ re<()ni- 

... li(‘( aiisr in t hat rase a. certain a mount ol the. ol licr hvdro.xnb's 

I' ,il\\a\s pK'cipilatcd with (he feiiic. li\'<lr(jxid<', with the r«'sull. t.liat 
w’lni this meiliod is usrti .small amounts of the other cations may bo 
'■lit llflv ovm Inokeil 

2 If zn/r 10)1 IS to be sepal.ited fiom the other eatnms of the, 
iDiirlh giouj). om* of tin' following methods may be used 

(a) The solution is sullieienl ly ibluted, tin* gieatiu part, of any 
. 1 ( 1(1 pii-sciil mnlialised with ammoma,, amumiiiiim mono- 
I lilnio.M ctatc and some, free' monoc hloroaeetic. ai id addl'd, iiie 
h'pii^ heab'il to .■>()' (»0', and t he /am ion |)re< ipitated by inean.s of 
h\dio'_;cii sulphide The other cations remain in solution. 

(/') 'i'lie solution IS tieal('«l with siidium carbonate until a p(‘r- 
in.iiicnt. pre<ipi(ale is just ioriiu'd. this jusm i|>it.at.e dis.solved by 
•I'l'liiig a lew diops of dilute livdroclilorie. acid, sodium tbiosulphat.e 
aildrd It) not loo sniall a ([ii.intity, the li<pud greatly <lilntc(i, and 
lodiogen sulphide iiilnnlucial iii the cold. The zilK'. ion is jirc- 
' ipit.itcd as zmc. sul])hHle, wliilst tlie oilier < atioiis remain in solution 
(-1 iJiban). 

h) If a cunsi(h‘iabl<' amount of zinc is to be sejmrated from small 
'piantitics of the other ions, tin' solution may also be treated with 
I'olassiuni or sodium hydroxich'. On adtliiig tliis in ex<«‘ss, tlie pre- 
' ipil.itcd /me h\‘(lro\ide is r<‘-dissolved, whilst, the liydroxidc.s of the 
“Ih' i metals remain as an insolui)l<‘ resi<ine The zim' ion may be 
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j)r(*nj)itate(l from this .solution by means of ammonium sulplud,. 
(cf. Part II., (Jhap. III., Kootnote to itubric No. 50). This method, 
Jiowevcr, seldom offers special advantages, because somi^ ziur 
remains in the insolul)Io prc(;ij»ita#e. The method would be ([uitf 
unworkable if cfiromii; ion wvw, also prc.scnt, since zinc and chromic 
ions Tcuiproiailly pretdpitato oa<‘h other from ])otas.sium or sodium 
hydroxide solutions. The latl(“r dilliculty, as also any rc'.tentiou ol 
the zinc by manj^anese, may be obviated by adding liydrojicn p4‘roxido, 
sodium penairbonate, or bromine to the sodium hydro.xide solution, 
wlmrepy the cliromic ion is conv<‘rU‘d into chromate ion and 
manganous ion into tlie tctravalimt condition. 

5. Jf a brown coloration is obtaini'd in tlie filtrate f?-om the 
])recipitated sulpliides, the ]n(*sence of nickel is indicated. In 
this case, tin* sonu'what tedious nud.hod of .separating (-obalt nm 
from Tiiekid ion. as given above in A. 2, may sometimes lie omitted, 
since it. is often po.'^sibh* winm ti'.sting a part of tin* icsidue obtaim'd 
in A. 2, after icmoval of the ammonium salts, to detm-t the cobalt 
with cettainty m the pro.seiic(5 of nickel in a borax bead 4‘\])osed to 
tin' la'dm ing Hamc I f small amounts of mckcl ion are to Im' det«‘cted 
in the pM*senc<‘. of considerable (plant ities of cobalt ion, it is advisable 
to use a ludassium c\auidc solution of the cvanidcs. which has been 
treated with sodmm hydroxid(‘. Tin* c.olialt ion may b<* (b‘t<M led 
in a portion of this li([uid by means of flic red coloration produc'd 
by yi'llow ammonium sulphidi*, and the niclod ion bv the black 
prcci])ital(‘ of imkclic h\droxid*' pioilncc'd by imnins of cldormc or 
lu'oniim' (S('e .55, 12, and S(‘c. tUf 12). The dilb'icnt Ix'haviour of 
the hydroxides of tin' trivalent metals towards potassium (yanidc 
solution or amimmium diloride and ammonia solution is hmii' 
suitable fur the dilferentiation than for the si'paration of nickd 
and cobalt ions.*- 

SiiKill (lutouiils of nickel ton mav also be detcctc'd m tln^ presence 
of cobalt ion by treating tin' solution w ith sodium pcroxid*', tboroughiv 
washing tlie precipitate! of cobaltons and nickelous liydroxidc.s- 
with cold water, and treating it on the filter with a cold saturated 
solution of oxalic- acid, when nickelous hydroxide dis.solves. On 
adding to the filtrate a litth^ potassium ferricyanidc'. and sodium 
hydroxide, blac^k niekelic. liydroxide is pr('ci])itated {Penedic^t, (Jhem. 
Zcnfralhi, 1501, JI., 501). For the detection of small amounts of 

’ With regard to (lie (leteelion of nickel ion in (lie presence of coltalt ion, 
sec also Hi-rienschniidr and Cupclle. Znlsch aiutl Chfin., 32, (107. 

^ Kttssner, Ibi<L, 34, 51)0. 
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11,1 lc,.| 11)11 in tlie iircsoni'P of colialt ion, tlic roaclions fiivon in Hcc.. 5',), 
■, (li)iituoli'). 16, and espcciiilly 18 and id am also suit,aide. Kor the 
ih'fcclion of simdl miuiunt!: ufriibnll ion in the jiresenee of nickel ion, 
Ihe reactions Sec 611, 16, and 18 afe aiiplicahle. 

■I Kor the sc|iaiation of the inenil)ers of the fourth gronp in the 
|,l■,.Sl•nce of onjunir imii-voltilih' sniistanees, methods hased n|K>n the 
|,n'hniinaiy sepavalion of all the cations as snl|ihides must he irseil, 
liecanse the organic siihstances inentioia'd would inlluenee or pre- 
M'lit the precipitation of the ions of iron as hyclio.side or hasio 
,,111111 ide. in the presence of cilric acid, liowiirer. even these niethoils 
aie not siillic.ieiit, liecanse alk.ili citrates prevent the eoiiiplele jiru- 
ci|.itation of iiiaiiyanoas ion as iiiaiieaiiese sulphide Hence, in 
I In' presence of cili'ic acid, it is necessary to eva|)orale the, solution 
wilh sodium carhmiate, and (o peinte the residue with potassium 
niliate, so as lo destroy oreanie siilislances. 

Pi'tioUH ll/a/ fane coiiiponini': aie detected in the presence of 
eaiii other liv testine for the former with iiotassinm lerrn yaiiide, 
and for the laltcr with polassinm ferroeyaiiide or with potassium 
lhioc\ anate 

,s'i/aYi/cs may hi' prcjiaied for this test, hy healiny the powder 
with fused hoi'av in a se.iled yl.iss tnhe ,\fter the decomposition 
IS lomplete, the l.iihe IS s[iriiildei 1 with w.iler lo crack the class, and 
Is liroken after cooiiiie The suhstani e is (le.iLed with hrdrochloric 
■ n id in a test-tnhe, and portions ol f Ills solution arc te.sted for du aleiit 
,111(1 ti IV, dent iron as descrihed. 


di'fciAL Iti'iAcrioNS or’ Tnr: Kaukh .MirMiinris of tiiI'I hoLiurn 
(linitii’. 

Skc, til. 

1. Uranium, U, 2.'!8 2 

thaniiiiii is a aieyish.wlule metal, which lias a spccilio yrarity of 
IK US, and IS \cn ihnicnll to fuse. It is usually picsenl m its coiiijiouiids 
ill the tetriivalelit and hexavalent eomhiioii. It is only of r.aie oeciiirencu 
ill pitelililciide, eariiotite, and samarskile. Minerals containing uranium 
and uranium comjiouiids are, radioaetive. Vrilitous oxiile, LKtj, is brown 
or hlaek, and is dissolved by nitiic aeid, forming uraiious nitrate. hVriiitc 
cri./c, Udj, is hiick.rcd. Uranyl hi/iinnide, UdufOH)^, ts yellow. When 
lynded iii the air holh the oxide of tetravalcnt uranium and that, of hexa- 
'alcid iiiaiiiiini yield a blackish.greeii umiious uranic uxidr, h.,t>i, (corre¬ 
sponding to pitehblende). 
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1. Salts of tetravalent uranium.-aie gum, and in 
solution aro readily eonvertnd into uraiiyl salln. According to ('lemons 
Ziminerinann,' pure uranous saltH fiee fiom hexavulent nranuini show the 
follow ing reactions : */ 

1 . Anifn(>tnnt/t siilpjiuli gives a j>ali“ gi<-en jueeipitate, w Inch very rajiklK 
Ik'coiiu'S daik and hlaek wln'ii l»oil(“d. 

2 . ro/iiMiii>ii (Hill siiiliiHii liijihomlfs and ((iinmuiid prodiu (“ \oluinnunis 
pak‘ green }i}ecij)ilai(“H ol inanons li\dioMd(% wlmh are insoluble in I'Xccss 
of the pu'cipitant. n’liev lapidly eliangi' ni (lie air, being e*)n\erled liisl 
into brownisli-blaek inaiiic oxide, and, atlei some Inne, into yellow alk.di 
uranat^. 

A’okiS to I (UkI 2. 'J'liiUiiir ocul ])iiciiih the formation of preei[»itafcs 
iiy iiK'ans of ninmoniiim sulphide, potassinin and sodium hydioxides, and 
ammonia. 1'he liquid <ioes iii>l ihfiLni in coloui. 

.‘k 77/0 ClIlltOIKlIl’N <111(1 lllllll<«J< H ClllhnlUlh oj j>< >t<IS.s{ It m <111(1 E(illl(ll,i 
prodnee a wlntisli-gmn ]iieeipifate. whuh daikens w Ik n healeil owing lo 
oxidation. The ])reei|>ilate is soluble in exis ss of alkali li \ dioueii eai boiiute 
Holntion, but is jiaitially o\idis<-d and ii-pieeipitaled when the li((Uid is 
heated. 

4. A'lHiiioiiiti III niihoiiiih piodnei-s a si mi la r piei ijntat e soluble in i.‘X<'ess 
of tli(‘ juei’ijiitant. 11 is not H‘-]iieeipila(ed, e\ eii on heating t lu* sold lion 

5. lUtiiiiiii ciiilxniiili eomplelely ]im'( ipilati s uiaiious eomponnds, e\(n 
in the cold. 

(>. Poldx.siiiiii Ji ii<'<‘!/iiiii<lv juodiKi's immediately a yellowisii green pie 
cipilate, which giadually ehanges to ic'ddish biown in eonsei|uem-e ol 
oxidation. 

7. I\it<is-st/nii Ji iitci/ini idc produce s nnnu‘diat«'ly a reddish-1 now n 
precipitate. 

8. Hijdinjliionc (Kid ]u(“c-ipitatc-s insoluble uranous linoiidc' fiom solu- 
tioiiH of inanons salts (1 lilhdaand ; (liolitti, Zi i/sc //. (iiuiL ('lu ni.y 44, •l•'l) 

11. Salts of hexavalent uranium.- llexaxabait uianuim foups, on 
the one fiand. salts eoutaiinng the divalent cation I’O” {‘iiioiiiil and 

on tlie otlier liand, salts containing the anion 17)"^. oi I (/'uom/' )• 

.Both foims of tim eoinjiounds of lu'.xavalent uiainuiu are xcdlow. Most 
vriiiiill sails ai(‘ soluble- in watei, wliilsl those- which aie insoluble tlic-uni 
dissolve- almost without excc-jition in hulioehloiii- aenl. 'i’he solution^ 
are yellow. 

1. When a xiifjdiiiiic acid sohilion ol man}! salts is lu-ated with 

tin- yellow colour of the liquid is ehaiiged to the- gu-eii colour of uranous 
salts. 

2. llydro<jiH sulidiidi lias no action ujion Polutuais of uranyl salts. 

8. Atimoiiiim sulphide pioduces, after neutialisation of free acid, a 
jireeipitato which sulisides slowly, and is readily stiluble in acids, meluding 
acetic acid; its formation is judmoted by aiuinonium chloiide and ]ire 
vented by hydroxylniniiic hydioeliloride. \^‘llen precipitated in tlie cold, 

' Zati^cb. (imd. Cfaiii., 23, thi, (^\’lth u-gard to the absoiption spectiuia 
of uranous salts, sec Had., p. 220 ) 
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it (»f <i I'liiM nlat<‘ j’oloin, and coti tains nmniil annuonium 

^.ulpiiidc, .iiul watfr-. it is itisoltiUlc ni ammonia s(»lnti(ni. but dissolves 
111 uiJourloss 01 yellow ammotunm sulphide euntainin^ a little aniinoniuiu 
(iiibunate, a blown solnliop ((.’1. ZHiinK'nnann) ; on washing tho 

precipitate it is gi'.idu<ii!\ e(m\cited into yc'llow many I liulroxide. When 
a ''oiiition of a uranium salt whieli lias been treated with ammonium 
'■iilplii<le IS bulled, till' iii<m_\l suljtinde iiist- pieeipitated is decomposed 
into 'ailjilnii and btu k niamnis oxidi', u hieli latlei is insoluble in evess of 
amiiionnim sulphide (Ketimle). The u/<iin/! snlphuh (but not tin* pie- 
iipital<- uIikIi has heeii eon\erteil into uranoiis oxule aiul sul|>hni) ia 
leadily .solithle in .immotnum eaihtuiutc' solution. (Ivssenlial d■•iltlnetlon 
and nietliod of separating the ions ol uianium fiom those of /uie, manganese, 
non. etc.) If tin- iijan\ I snlplmh' rimiains foi a long time in eontaet with 
CM e>s of aiunionium suljilnde, it is eonverted, in tlu' pii'seiu-e of air, owing 
to tlie toiinalion of ammoiunm tlnosnljihate, into a real eompouiul, and in 
(la ah'.! iKT (i| air into a lilai k pnxliu-t of leaetion. 

I \iniii(iinii and jmlnwiiiiit <tnil /(//d/o.ie/<a [irodnee yellow 

pii < ipit.iles ol alkali nraiiates, '.7, Kd\t>-. insoliilile m evet'ss of the 
]ii<>ipitanl 'ra/tinir pie\en(s or intlnem es tlu' ]aeeipitation hy 

amnioiiia. lii/ihix’liloi nl'' i>ii-\rnls it> wliilst inninoniiDti 

' I'l"! nil prnmotes it 

I'li'hhi inn'i/iihdiil iitn>'"ii/ puii[n 1 ales uiaimim ipiantita- 

.i\el\ lioni hulling m«IuIious wlmh luuc' hern tu.iteci with ainmuniuni 
I'iiloiide (Mellioil n| SI paiating in.one ion fioin stiunlinm, caleiuin, 
.Old alkali lull'!, and les^ < oiiiplrh imm lati'imn lun Alihegulk) 

d. A nnii"i/HI III I .ii/iiiiiiih , and ,dsu jii>lii^'-i n ii\. 0 / .mhIihiii /n/Aro i k/i' cur^ 
//I'/aip .s, prndlirr in suIuIiibii', ni inan\l sall-> Vc'llow pieeipit.ltes ul tilkali 
‘ii'hi'il ciiilniiinti, ' 7. lM\ ,('( K,( t'(I irliH'h iinilil'j ill rari’-ss 

"I III! pm ijiiliiiitA iNilassium or sodium livdioxide piei-ipitalos the 
w hole (if the uraiiK- ion li oin sueli snlulioiis. 

7 . Iluniiin jn'ei ipitates uianie ion (.-omiiletely, e\(U ni (ho 

rold. (l-'ss) 111 lal distinelion <uid iiir.ins of sepal.ilion fioiii niekel, (ubalt, 
inane.niesc-, and /ane luiis ) 

S I>11IIIII lii/ilinifi II iihn.sphiili piodmrs 111 solutions of niativl salts 
'ontanung a-c-tie acid 01 alk.tli at<'(a((.s a. _\ riluw isli-w hite [neeipitate of 
'I I mi I/I hijiiiiiiji n jilm.xjihah ( ft »_,) 11 I’O , ; 1 11 „(), w hieh IS sulnhle III lllUieral 
• " id'., ill (he pie>.etiec- ot mu< li ammuiuum salt a precapilate ul (iimin'iiiinii, 
'ii'iii'/l p/iii.'.jiliiih , (I't),)( \ [1 ,)l*t ► I 'Il.tk whieii is of similar eoluur, is 
olil.nnrd. J|i-aL ]>romotes thi‘ .-.rp.uation ui holh precipitates 

1 }>/ihu(/<:u jii I'll nil jiiudm e.s a >(liuwi.-'li-w lute pnaapitati- of hydiaU'd 
xiiiiiiiiiii hliii.iulcy ro,, soluble in hydrocliloiie acid (l''aiihy, '/dcitwh, 

* 'I’Ih) deeiunposition pnxhirt iiraiiiuin X, denvi'd from vn.uuuni, is lieio 
I' ft as a slight insoluble re.-'iilue. (Oigame. s-ulveiits, sueh as acetone, o(<‘., 
wlu-n applied to inM.n}l iiiii.ite. may also elici t a separation from uninnmi X, 
which Kiaanis undis.M>l\ed ) Mouro and Si lihindt, I’hil. ctha/, (li) 12, ; 

ZmiralU., liiOd. 11., Tui details of tlm elieimsliy of the radio- 

eieiMeuts rehMCMei; may be made to, c 7. lb Ik niiehX l»i»uk, C'/icinu und cfi<nmehe 
I icfinnloijii iiitli<xil:h'i I Sliiffi , Ik'rhii, 19iS 
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aiiaJ. ('h(‘in , 44, Tin- inisriier ol sulj)liutic aoid or sulphates or of 

lluoiicUis pr’(‘v<-iitH llu- proiipitatioii, piosuinaldy owing to liio formation 
of complex eomponmls (Ma/./.ui-eheili, Adi Ar<ul. Luirn Rohm (5), 15^ 
11., 494 ; ('III HI. Z> iih(id>l., 1., ‘9)|). Animoi/ium ouhoudd' ilissolves 
this precijHtale, forming an intense yellow solution. 'I’ins leaetion is vei v 
sensitive. When a solution in siilpluirie aeul ol (he jh( capitate ])ro(lnee(l 
hy hyih'ogen peioxitie is sliaki'ii with illur it impails a hhu' ci)}<»idum to 
the lattm’ Sixliinn fiiiDiiih jirodnees in solutions ol inanyl salts a yellow 
jiri'eipitate soluble in excess ot the piceipilant ; alcohol pUM-ijiit.ites fioni 
tins solution yellow ■•'Oi/inin pi i iniiimlc, Na,ll,()„ ] winch allei 

soiiK* tipie heeojiies eiystalliiir. If the Itiinnl is hoiled hefon* the addition 
of alcohol, led inaiii/l soi/imn jn ninDintf, (I h )^)Nhul'^O^, is preeijutated 
(Kussnei', Ziihih <iiiiiL CIuih , 34. oh.'')). Analogous lesuits aie olitamcd 
hy treating a solution of a nraii\ I .salt \m11i hy diog« u petoxide and pudisslntn 
mrhofHdc in solid form or in eoueeiitrated .solution (J. Aloy, 'Zvdst'h. (innl. 

( '/ll fit:, 44, lo.'i). 

10. k’lhpfi uoliiiinniG proihices in solutions of ui.iuyl salts, evi'u when 
extriMiu'lx dihite. a I'l \ ^tallim* yi'llow |in'eipitate, which is sol u hie ni (“xees-^ 
of the lesiiltuig uianium eompoun<l (•). A. Siemssen, <'li‘in. Znl , 35. 
139 and Tll! ; Zrilsrli (iiiiil ('Inin., 52. 773). 

11. Pntas.snnn fi / lon/nnnli |irodni-<‘s a pr(,-ei|ii(ate or at least a reddish- 
firowu <’oIor.ition. 'I’his is .i \<ty seiisitiM- reaction. I’lu- pi<'<ipitale 
dissolves III amiiKMiium e.uhoiialc solnlion, toiining a \ellou lupnd. .uid 
IS al.so soinhie in hot <lilnte hydioehloiie acid. 

12 Solutions ol luaiivl salts, and in [>ailienlai of the mtiate, rn/.uii 
tnnin nr pnpi r liioim, <’\en in (h<- jiieseni v ol a, little lice hydioeliloiu; at ul. 
although llie reaction is then less siaisitivi-. Laige amounts of mnieial 
acids niluhit the leaetiou (<'1 Zimuieini.nin) On (oiiehing th<‘ tnimeiie 
jiapi’i, winch ha- heeu tin ned hiow n hy a in .iiiv 1 s.ilt solnlion, w ilh soiliutn 
eari»on.it<' .''ohition <l.n k hrown spots aie jiiodueed. 

13. AlkiUnt liinhi/r hecomes giein wh<n trealial with maitral uranyl 
nitrate or ehloiuh' solution. It shows two ehaiaetiniatic alisorptiou '^amls 
at ()H7 and (>3I a/<. 

II. Alknlt plin'-jihiili ami ho/n ('dis.soK e utanyl s.dls HI the outi-r liamu, 
Jirodueiiig si'llow he.ids, whnh on cooling appe.ir \ellouish-grccii willi 
giei'li lluor('sei‘ne<‘, w hi 1st in t In- inner I la me they jirodiiee giccn hcails. 

ir>. W’lth icgaid to (he inirrorln iinnif lUdrlum of uranium ion, see 
Haushoft'i', Miknisknpi.srhr RiaiJnnnn, [i. 132, and ik‘hrcns-Klcy% Mikro- 
(iicniisrhr Aii(ih/s<, 3id ed , p. 1.00. 

Skc (jo. 

2. Thallium, Tl, 204. 

Thallium oeeurs m erookesite (a eoppm si'leimh*) .and also, though in¬ 
variably m small ipiantities. m many vaiudu s of pyrites containing copper, 
and in luuny Kinds of non pyntis, m vaiietics of crude sulihur, and in the 
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(ir[>oit« of i!u(“ t>f tlu' Irad oliaiuln“iH. the fimiatr of wUkIi haa hvvn 

I aitli jualos c'oiituinnig tlialliuin : il i.-' soiiioliims picsciit in com- 
la! snliiliui ic. and liy<h'ocl»l(n ic acids, and it has fouiul m It jmiolitc. 

hi^niutli. and cadininni propaiations^, tn ]>lanl ash, and in some nunoial 
w alcis. 

1. 'J'halliuni IS a soft, metal hm iithliinj hml, having a speeilie }j:tavily 
of 11 8 to 11 '‘d, and melt inj 4 at dt)r5 (l’oo^, t 7/1 //(. /< iiholhl . I'd It), I .1117); 
il volatilises at a lod licat, wlaai hml it ei.uldos li!«' tin. hiiomes eoated 
with oxide wlien exjiosed to llir an, does not (h-cotiiposr water, and is 
-<iluM<‘ m diluti' a< mIs w itli the <■ volution ot h \ diooon. 'riialliiiin is leadily 
>ol II hie 111 dilute snl|ilun le and mtue a* ids, hut dissolv e^ with dil tumult v m 
ii\dio< hloni- ai 111 It js monoxalcut oi tiivah nt ni its c ompounds. In 
il^ iiionovalont compounds it lias maii^ I'losr analoi;ies with tlie ions ol 
|io(iissium, whilst m the liivaleiit eompounds it hchaves like a hea\\\ 
III! 1.1 i ion ; the 'ri'" ion foiiiis \erv stable eomph'X ions. 

2 ‘rhiill<ni.\ oinlr, ’I'hd). IS hln<-l\, In.^il'le, .ind when insvd alla<-ks 
Ol poKelatn It is soliilile ill watei, Meldiny a ( oloin less, alkalnu-, 
<oii(isi\e solution, wliall .thsolh.s (.ilholi <li<'\lde II is also s«>luhle III 
al.oliol 

'I <o/(/r, 'ri.tks* IS lilaekish-\loh 1 an<l nisolnhle m watei . tIniHir 

h'/ih'iii'l' is blown. 'I'hallu oxide is haidlv alta<kecl In loiu eiitiated 
''iiipiiiiiK ;u i<l III till' I old, but. combines w it li it on heatiiej, II the In at in;; 
1- I I'lillimed ha a lony time, thalloiis sulphate is loimed. and ox^giai 
hi" lali d 'I'lull III oxiih- I'ea) Is with li \ ill oi hh'l le a< l<l to lol'in the col le- 
spondiii,;: ehlmide, winch may be si-jiaiated in the f<'im of eolomless. 

II <idil_v soliibh- ( i_\ stals. WImn it is Iwalt'd, i hloi iin esi apis, w bile eom- 
jKiiiiids ot lli.illoiis and thaihe i hloiules aie foj med 

■ > The //hiKuns siifis aie colourless ; some (llie sulphat<“, intiatc, mono* 
liv'liogci, jiliospiiate, tailratc, and acetate) aie, rc.idily soluble, others 
t'.nhonali', neiitia! phosjihate, chloiide) spann;:l\ soluble, ami otliers 
(iodi<!c) almost, msolubh'. Win n solutions of thalloiis salts aic boiled w itli 
lilt lie* acid, llie I halloiis mn is nut. con\ ci ted into the ti i\ alcnl i onditiftii, 
whieli leaction, liowi'ver, talus place (jiMnlilati\cl\ when tlic solution is 
hoik'd with (iijiiii ixjni. 

The /fia/lu aii' ii\t a ally dis^.ociatefl b_\ water, with the 

par at ion of (hallic ii\dio\idc; alkali h\dioM<ii-s ptccipilalc thallic 
h\ilio\ide liojii tiieir aeid solutions; li^iirogcii sni[)hide <on\<‘its them 
mti) llialluus salts, whilst suljiluir S'-p:uatcs, and with pota^sinin lodulc 
liny yield lodiMi; and tliallous lodiih-. 'J'hey aic not piecipilatcil by 
h>dioclilonc acid. 

1. Po(af!siuni and hi/dxu idc^ and anmovia do not produeo 

piecipitat-es in aijucous solutions of thallous .salts. 

•». Alkali < (fihi/i/airs )>reeipitatc ihalhtv,-^ raibomid, but only fiom <(mt<‘ 
"’iicenliated solutions, sinee ]0(t jiarls ot water at 18 dissolve .128 jiarts 
'-'f tliallous eai bonate. 

t' Ih/drof lildiic a< id pioduei'S m solutions whieh aie n<)t too dilute 
'I "lute piuijnlalc of thallous rliloitde, whieh lapully subsides, does not 
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alter rm exposure to ami is only sparingly soluble in water, (‘vcii lish 

so in <iil\ile liydroeliloiie aeid. 

7. If clild/inv ijtt'i is jntr<*<luee(i Jiito solutions of tluillous salts uliili 
thallous eliloiule is [ll•(‘(•l|)ltalc‘(l, an/l Hus liecomes first brown and then 
dissolves, owiiie to Hie loiiiiation ol lli.illie eldoiidi'. (Suital»l(“ nietliod ef 
W'paiatinii from sil\ei.} 

8. Fnlii.s'^'iiini loilt'lc piodiieis in \eiy <iilu(<' solutions a li^ht V‘ll<w\ 
pri'cijiitate ol l//<rll<iii.\ uxlidf, ^^lH(■ll is only slii'litly soliibh- in walii 
(I : 17,(KM)), and still Kss soluble in e\(ess of potassium iodide solution 
^I’fn‘ [ireeipitate dissoKes with diirKultx in sodium tlnosiilpluite solnlion 
m the* cold. (Distmetion liom k-ml iodide. I'b A. W'enu r.) Onmnj hi 
t/s .sv’/osi/'O'em’.ss //ns /('(iiiioii llif sn ilitUv for (Ik ihlirlv/ii <J IhnJIiiiin 
bij (hr ii'i( nicdiod , if feme loii is jtr<-sent, it must first be rislueed by me;^|l^ 
of sodium sul|>}nd4‘ 

0. Vlaliiiohi/ihot hhn ir m id e|\es a sp!ume|_\ soluble. ])al(“ oiatme, jiie- 
eijiitate of Ihidlotrs- philtiux hlondr, 'rLl’K 'l,,, ni solutions ol thallous salK 
whieli are not too dilute 

10. Sixlii/ni ('oliidhiiis /iil/iti iiiujiid (/.<'. sodium mtiiU', t'oli.illon< 
e.liloride, and aeelie ai id) pioduces a Sji.ii'inyly sobilile (I : l(h(KM>) Imlit 
red precipitate ol thallous eobailu- mtiite, 'L'l [('o(N(l^,)^, m solullo||^ ol 
thallous salts. 

11. Ili/dioifi'ii ■sid/diKf'' does not pri>dnee a pieeipitat<“ in solntinii- 
strongly aeidilied with miiK'ial aeids, unless ais<'nie. antimony, or eoppe' 
i(»ns aie pies4-nt, m wliuli 4-ase tballons .sulphide is pieeipitatisl simull.UM 
OUsly witll tlm oHur sulphid<-s. An iiKonipl'ti pn n inhih is piodueed in 
lKii(i<il oi nil/ .'-Ivjidli/ <K id solutions, but (hr ii'h<>/<- <J IIk (hiilluiiii Km \- 
precipitated as black (Indloiis .snlplud' fiom an iinln nrnl solution ot 
thallous salts. 

12. Colourless Kiiiiiioiriiiiii .•-idph/di, and also In/dimji n .'■nlphidr Ihkh 
alkali/K soIiiIkki.-^, ]iieeipitates tlu‘ whole of the dissolved Hiaibnm ion 
black thallous sulplmli'. wliieh, (‘specially wlien heated. ieadil\ a>i'.;lo 
incrati's into lumps. 'Tins pM'eipilate is msolnbh' ni ammoni.i, .ilKali. 
ammonium suljihide. and potassium e,\anid(' solutions; it is i.ipidl) 
oxidised to thallous Hiil[>hal(“ m llie air. is leadily soluble in dilute hvdio- 
ehloiie, sulpluine, and mine aeids, Imt only dissoKts with di!beult_\ in 
acetic a<“id. \\’hen heated, thallous sul|)bide liisl melts and tium volatilises 

lib Zinc, and also iiKiipK oa/a, [ireeipitates metallic thallium m Hu; 
form of black. ]lak(‘-like »lyslaK liom solutions of thallous salts. 

14. 'J’halhum eonijumnds im[ia.rt an intense green colour to eoluuile''S 
Jiduu's. 'riu' spi'ctiuiii ol the Hialhnm llame sliows onl_\ a single, highly 
eluiraetei istie, \\i\v i iik lahl </inii hue (585 0()/(/t, rj. the table of s|)celia) 
III tlu‘ i-ase of small amounts of thallium, the Itame eoUuation only lasts 
for a shoit time. .Vs a iuh\ speetinm analysis alloids tlu' best means ol 
detecting thallium. Pyrites containing thallium often show Hu' giecu 
s|K'ctrum line imnu'diately ; in th(‘ e.ise of crude suliihur, thallium is best 
deteot(‘d hy (wtiactmg most ot the sulphur by mi'aiis of carbon bl.siilplude, 
and then le.sting the residue. When a huge amount of a sodium salt is 
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j>M>< nt. 6ut only a vny small amount of a tliallmm compound, the thallium 
^pnti'uui can onl> he r< iulciod visii>lc hy introducing a small quantity 
i.i ihc jiHMstcmal sulwtancc into the llamc, ainl then ohscrving the resulting 
^])('( liiini. If tim es ol thallous plaLuux hhni<le an- pri'sont, togctiicr with 
l.iigc amounts of potassium, iul.)i<hum, and ca'sium })latinocUloii<lcs. in a 
|iM ' ijiitalc pioduccd hy means <jf j)latmoh\<ltot“hlotic acid, tlu’ prcc-ijiitate 
I hdilrd I \\cnt^ -IIn c' to lifty t lines w ith successive small <jiiantitles of water, 
.‘ik! till' lii)uid dceaiitetl each time, 'i’he linal residue fiom these e\tiactions 
will ihcM slmw the thallium line tiansitonly. 

1.') I'or {\\v na> Kn }>! imcit! ihltchcn ot thallium, see llaushofei', Mikro- 
ji. 125, and Uehu ns-Kl(‘y, Mtlnu'lu iin.''<'hc AnnJif6<i, 

:ild ed.. p. 4t). 

vSec. d(J. 

3. Indium, In. JI1*s. 

[mhi'in was diseo\eied in Fi('iherg zinc hleiide and tin- /.me pre 
|Mieil from it, and suhseipienlly m some oilier zinc hlemU-s ami in 
iiin'i>-ti‘n uie. 

i. IfiJiKiii is a while, very lu^tious metal resi'inhliiig platinum in its 
rnldiii'. It IS \i't\ soft, duetiU', makes a mark on pajjer, and can he 
jioh^insl. It IS slowlv oxidised on lonlail witii air ami water, hut less 
oat!il_\ than zme Its speeilie gia\i(y is 7'2S. Jiidium niells at 155'; 
ulun inated (ni eliaieoal hy means ol tin' blowpipe, it forms a lustrous 
nietaliic tilin, I'dlmim llm ll.uim blue, ami ueld'- a deposit wiiieh is dark 
\iil<>\\ while hot nml pale V( llnw on (ooiiiie. ami can he volatilised with 
'lillHsiIl V liy means of the blow jiqu' liainix Indium dissol\ i-s slow'ly in the 
- dlii, more r.ipidly ou heating, m dilide liydioehlone and sulphunc acids, 
with (he (\olution of hviliogen ; wlieii tu'ateil with eold eoiu'entraied 
. ulplnn le at nl it also liheiali's h^ drogeii, w liile anh\ dious indium sulphate 
jMiatc^ ; indium is also j’eadily soluhh; iii mine acid, even w lien cold 
.111(1 <^hite Indium, as is shown by its elilondc-s, is iiioni/rdh ul, ihivinilt 
. 01 ( 1 , in most of its eom])oiinds, l)\rnh)il. < hil_> the Irivalent compounds 
.ne ^l.ihle in injiieon.s soIiiIkhi. 

2 ln<hii)it oiii/r, ln..Oy, js rtsldisli-hrown while hot, Init light yi'llow 
w hen eold, and it does not coluui glass I luxes. \\ lieu igiiileil w illi hydiogeii 
"1 witli eluueoal it IS n'adily i'ediie«‘d, and il a tlu.x is also pieseid. metaihe 
Lilohules aie ohlami'd 'I’he ignited oxide dis.'.oKes slowly m eold, hut 
Mimlly and eoin|)h tely in hot, aeids. 

2 IndiiiTit aic lolouilcss; the suljihaU' ami nitrate, ami also the 

'elatih' hydioseopjc ehloiide, an* readily soluble in widei. 

1. I'oln.'.'-unn. and nuduim Jii/diacufis and ainnnaiia jiiei ipitate from 
solutions of tin* salts a voluminous wluti* hydioxidi* resemhling aluminium 
h\ilio\ide, m ajtpi arauee. Tartaric aeid mluhits llie piei ipitatioii T’he 
I'lc'ipilate IS soluble in solutions of potassium and sodium li\dio-\ides, 
h'll tlu; jesuitiiig solution soon hi'comes turind, ami when boiled or 
ti'atedwiUiammouiuin eliloiide giv«*s a preeipitatc of indium hydroxide. 
■ liitiiiuina f-olali"ii does not dissolve the hydroxide. 
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5. Alkdti anhonale.s give a ^'elatinonH whit-o pref i]iifat(' of indium car. 
honate. When fivslily fM(‘ci(iitatod, this dissolves in ammoninm carlionntc 
Holutioii, l>nt not in potassium or sodium carlionatc solution ; on boilm” 
its atninonium cai honate solution it^is ro-juiMapitatial. 

0. liiiniiin cinfKnidtc jirecipitaUs the wlioli* of tiu' indium in tlie fnjrn 
of liasie salts when hoilcti with solutions of indium salts, or ('ven wlu ri 
digested witli them in the cold. (Kiindamental distinction and means of 
separation fr-om /ine, manoanesi', eohalt, nickel, and feiious ions.) 

7. hisiulmtii. hii^lriMjt n ithn.sphalr civcs a voluminous whiti^ jirecijiitatc 

K. Alkali iir/iliilrs produce a ci'^stallme precipitate in concentialcd 
neiitra' solutions. 

1). Hothmn actjult [)iccipitates indium sul|i]iate from a m-aily m-nti<d 
hoihne solution of mdiutii sulphate. 

Itt. /h/iliiiiiiii Mif/i/iidi |uccipil.it<'s tlu' whole ol the indium as \elli»\\. 
jiossihly liyilrated iin/iiiiii ■‘•//fj/hulf, lii.^jS,, fiom neutral or arctic arid 
solutions (eviMi those in wliicli the acetic acid is present, in hitce ( xer-ss), 
It. produces no piecijulatr* m solutions strongly aeidilual vitli imneiiil 
acids, if at all c oncenhaled, lait on making (he solutions \<‘rv dilute 
yidlow indium sulplmle is laeeipilated. 

11. IIiiihiKji n !>ulji}nili' pioduees in aikalim: ■suhihuih'. and aniiiioutiiiii 

Kiiljihulr 111 m-utral Holiitions a uhilr' pir-ei|>ilale (possihlv iiidiiint 
.•^iilplndr or aiiiiiinmiiiii imli/inL W’luai yellow mdium sidpliidc 

is hoik'd with yellow ammonium sulphide, it, too, heemnes white ami 
partially rhssolv es On eoohii”; t lu' Ik pud, a voluminous while prec ipitate 
i.s fornu'il, which is similar to tliat ohtained hy rlio'ct prer'ipitation with 
ammonium sulphide. 

12. l\>fa,'^.siiii/b f< rnH'ijaiiulv ^ive.s a while jirccijiitatr'. 

Id. Vvias.sunn. j\ rncijiuiul', and (Ucloonnil'- do not gue 

precipitates, hut chromalc pioduce.s a yellow precipitate. 

14 7a)ic preci[)ilat('s metallic indium in the foi-m of white lu.slrous 
Hakes. 

15. On introducing an imluim compound into a eolouilcss (lame it 
co!our.s the llame a eharactciistic hluish-violet. Two distinctive hliK' 
lines may ho observed in the spirinim (a 451 d/i/i. ami p 4UI l/tp. 8ee 
Spectrum table). If (lie chloride is used, these ayiprar witli greater 
biilhanoy, especially the adinc, hut aie very fugitive. Indium siil[ihide 
is most suited for a loug('r exammatioa of tlu' indium spectrum. 

10. h’or (lie minorhcmual ihtictiini of uuliuin, see Jliiysse, /Atl''ch. aua! 
Vhrm., 39, 10, and Bohrons-Kley, Mikxx'hmi-'irfii' Anah/^c, 3rd c<l., p. 82. 


8ia'. 07. 

4. Gallium, (la, 01) 0. 

1. Gallium is widely distributed, hut only in small quantities. It 
has been found in many zme blendes and hauMtes, and also m some othei 
minerals. (Jallium is a white metal; it is silver-white in the fused con- 
dilioii, but ou aoliditieatioii becomes orystalline, bluisli-white, and U’s» 
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Iii>1jous. It melts at 30*15®, and has a specific gravity of 5*050 at 24*5'\ 
li i.-i haul, not very ductile, does not alter at the ordinary teniperatuus is 
rmlv slightly oxidised wlu'ii heated to redness, and does not volatilise at 
that O'inpciatuve. Water, even wlien boiling, is not dccomjiosed by 
imII.uiii. Nitiie a'*id has no upiiu'eiable action n]ton the nndal in the 
cnM, l)ut when heated dissolves it, w'itli tiu' evolution of red vapours. 
It IS leadih soluble in h\droelihuie acid and in j>otasMtini liyili'oxide and 
.ittuiionia solutions, witli the evolution of o\\gen. (Jallium is (hrakiit 
and liitnhiil in its eomponuds. 

2 . The ci'injH-inKfs are unstable and havi* reducing pro])ertu“s. 

f;<?///( i(l<\ (hut IS u bite, as is also its /?//<// On healing (lie„o\ide 
in lediHss ui a eiiiient of ii\<iiogen, it sublimes, with partial n'duetion, 
|ioihahiv to a lower oxide. 

d’iie S'///' !ii(‘ eolouiless or wiute; the sulpliat<“ and nilrale 

{lo-'oK e MMilily in w a(<i, and decompose on ignition ; tiie siil|>iiati‘ eoinbnies 
will) .inuiionium sulphate to foim an alum. On boiling llu* solnlii>ns of 
|li< snipliate oi of (he alum. hxdiol_\sis takes place and causes hiisie salts 
to 'vrpai.itc (hillium eoinbiius willi ihloiuu' (o loim gallons <|i(oime, 
(;.i( I, IS easilv oxalisaiih-) .ni<l galin- (idoiidi'. Oat'i... 'I’he latter 

o ,1 ( olourless, delupie.^cent mass, w hu li melts at and boils at 215 ' 22(1" 
The volatility of gallie < hloiah' is luanitested r\eii ttn e\.ij)oiating solu¬ 
tions eoutaimug li_\ dioehloi le aeid. If, however, siilphuiie arid is added 
to the -oiulious, no loss of gallium lakes phus', eitiicr dining tli<' I'vajiora- 
(I''ll of the lupiid, oi on ignit mg I lie lesidm- at a dull i<‘<l heat (Le<-o(| de 
boisli.uidran). 

f \/1,01 1 }ni<h<'>}ih V and iiitnuniiiii j/iodiiee .a w Idle llo< < iileiil. pH'i'ijatat/' 
of u’ldlie li\dro\i<h‘, leaihly soluble m excess of the [him i[dtaiit, in atpieous 
"lulions of gallic salts. Ihil if a solution is ttealed w ith excess ol ammonia. 
.Ui«l hoik'd for a. shoi't tiiiU', tlie uhi>h- of tlm gallic ion is piecipitat<‘d as 
h\d[o\nle. '.rail.me acid pievenls tlie ]n<'ci]>il.itioii with ammonia 

Alhdh piodiiee white pret i|iit:itcs: that juodiieed I'v 

aiiiiiioiflinn i-aibonat*- i.s soluble m <'\eess of tlie pieeijntaiit. 

(■> lUitunn (■(nhoiiah coinjiletcly prei ipitati's gallic ion, I'vmi in llie ei/Id. 

7. Hydioiji n sulpliidi dots not jn'odme a pieeipitate m aci<l solutions 
"f cjilhc salts, nui is a j'l'ceipitale formecl in acetic or tartaric acid s<ilufion, 
•vn m the jircseneiMif ammonium aictatc oi tartrate, jirovided that no 
"di' i cations capalde of lieing pie< ijiifatcd aic ju'cscnt ' In the prcscmc 
"1 /me, silvi-r, copper, manganese, iron, or arsenic ions, h^^dtogcii siiljiludc 
I’o (ijatates the whole of tlie gallic ion. together with the sui])lii<les of llie 
"Him metals, fioin solutions aeidilh'd wit li weak a< ids (u lietla r as .sul|»hi<h' 

livlroxuh' IS not eeitain). TIm- gailmm jiiecipitat** is white. 

Ammodiinn svlphiilr also precipitates gallii' ion only in th<‘ piescnce 
ol ihe metal ions nu ntioneil. 

h. Ammonium (trdalr precifdtates nearly tlie wliole ol the gallic ion, 

* The okler oli.sci wations of Leeoq do itoishaudmii. that uii<ier (crtiuii con- 
'htioiis (he sulphide x\.is juecijufated. appoa.i lo he erronemis It wn-' piohalily 
■' 'i»U‘slion of tlie h^diol^tie .'■epauition of the li}dioxide. 
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owing to hydrolytic diasociation, from a dilute boiling solution, but onl\ 
wlien tlio prcci]»itaU' is present m not too great a (juiintity. 

10. dnitric hi/ihoA'uh', and also mnifjuuous .'oilphule, completely pi. , 
cipitate gallic ion as hydi()xi<l(% in conse<|U(‘nco of iiydrolytie dissociatK.n. 
When manganous snijdiide is iisimI, I'.ydiogcn sulphide is libcraled. (lalli'- 
ion may be separated from many cations, < tj. i^'ad, cobalt, nickel, non, 
thallium, and bervihum ions and the ions cd the raie earth metals, by meain 
of cupiie liydroxule. 

11. Jirroi'ijanvlr piodnees a lilmsh preeipitate (the colour 
being jirobably due to the prestnee of non eompoumis), \\hi<‘h is los 
soluble in hyilroehloiie acid than in water, and only dissolves when boiled 
wiili a larg<‘ excess of (ho foriner. 'rids is a very sensitive teactnai. 

12. (lallnim eom|H>iin<is show w sp<-ti)it}ii i haiaetei ised by t wo violet 

lines (bi'twcen (J and 11, 117 () and MtiMbut t his is only vei y distim t 
in the spark speelium ; if a galinim i‘om|)oiiii<l is mtrodueed into a n 

flaiiK*, only one ol lln-se lines can be faintly ibsecrned. 


Skc <i8. 

5. Vanadium, V. hi. 

Vaundiinn is a silveiy-uliile to light, grey metal, which (x-mns a-! 
vanadat<‘ in eiutain r:iH‘ minerals in considerable |iroj)ot( kui, ami m small 
amounts is also present in many locks, clays, and in plant asli. It is al-o 
found in many motalliirgieal [irodiiels, ami sonii'limi's in eaiistie soda. etc. 
It is ]>resent in its compounds m lh(‘ dinihul, himhut, iilrdvtth'ut, and 
'pvtdamJiid condition. Its speeitie gravity is altont h-H, and its melting 
point 1715'^ (RniT and Martin). ’I’lie oxid<‘s eoi i( spomling to the dilTeienti 
CtuuhtioiH of valency are riiniidons o.iuh, \'0, riuKtdir din/f (vanadmin 
trioxide), rdnndlinii /< fioi iili\ V'.O,, also leimed niuiiih/} oudf, and 

the pnilojiili ¥ 2^15 (vanadie anliydn<le). 

['itnadoii.s ()xi<fr is dark gi<y, with a melallie Instie, ami is ins<il;'li|e m 
wab'r, hut dissolves in dibit*' aenls to form blue solutions i)l lli»‘ eoiu‘- 
sponding vana*l*ius salts (witli a small amount of vana*lie salts), wlmh 
I)l*‘aeh OT'ganie eohuiring matters by retlm tion. 

[’a/Hfdir (nidi' is black, insoluble in .-n ids (witJi (lie * xeep(ion of hydi" 
iluorie acid and nitric aenl). and in alkali liydiovid** s*)Iu(i*iMs, not reduced 
by ignition in hydrogen, and slowI> changes in tli<‘ air to vanarlyl oxide 
Acid solutions of vanadie salts are gie*'n. 

Viinmh/l o.rh/c is daik blue, whilst neiil stilutions eonlaining ti'travalent 
vanadium ion are bright blue. 

When heated with nitric acid or at/fui ri'ijia, or fused witli potaasimn 
nitrate, or ignited m oxygen or air. the lower oxides an* coiiverled into the 
penloxidc. This is a non-volatil<‘, fiisiltJe substance, whicli solidities in 
crystnllin*' form, and has a yc llow-oehre colour. WIn'ii ignited at a red 
heat in hydrogen it is <Mtn\ert<Ml into vanadi*^ oxide. When exposed to 
moist air it a!>sorbs water (ioims \anadic acid), and is transfoimi'd into a 
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■lull r('<! (’oIl()i(laI mass. On cOJitaot uitli a Iitt-1<5 wat-or it yields a sticky 
, 11 , 1 ^-;. uiiu'li dissolves in a largo (juantity of cold water (more readily in hot 
forming a hlood-red hydrosol (.\ Ditto, Ulit/-’). Vunnthc acid 
viir'iigh i('<ld<'ns jnoist litmns paper. l^(‘nta\’ali“nt vanadium forms, on 
!li>- OIK' hand, s<dts in wiiu li it is preM nt in the form of the cations VU"‘ 

VO'.>, and. on theothci iiand, salts w hu h contain tho vanadium in the 
.iMion (r/. la/ro, under /]). 

(a) Si'liilioii^ of -oills inlh priil<ir<il( til raii'ulnini. m Ihi rnlion 'flu* 
^lolllL'et' a<'ids dissoKe vaiiadinm p<-nto\id(‘, foiming n<! or yellow solu- 
tiMii'. which contain tin* cations V()‘", and |)os^l^l|\ also to a small 

,\|iid \’ •■■■ ; llx'se giadiiall}' heeoine grei-n on e\|)osine to air ovving to 
i« iliK tion. 

1 When a cold acid solution eontaining vanaihe cation is gi.nlnally 
Im.iImI with (iiinii'iiiiii, tlu' lujuid mvaiiahly Ik’coiik's dislimtlv y How up 
Im tlic p(Unt when ilie leaction lK.'<-omes alkaline (<'ariiot,), 

.iiiil •m'/iintf. h I/d Id I i<l' ploiliK e hrow n piei ipilat es, w liu h dls>ol\ e in e\e<*ss 
III llic piecipilaiil to h'Mii \ellou'ish-L!iceil solutions 

2 When /.iMc IS mtiodiucii into a. hot dilute Milpinnie a<id solution, 
11ll I uloiir t)l the lu|nii| IS lirst i hatiged thioii-jli aieen into hhu' (reduction 
to the te1ra\'alciit< lomhtion), IIk-m tluoiigh :,'t<-cinsh-hlue into giei'u 
(itilmtion to the lii\al'iit (ondition), and linally thiongh violet into 

|.i\ ciidci'dthu' (lediK I ion to 1 he di \ alciit > <uulil ion) | /mii'nint ])re<'i pi tales 

liiown, readilv o\ldl^ahh‘, v.inadous hvdtovide fiom tliis lust solution. 

• > Siilpliin dn>ild,\ hi/diixti II ■^idpliid' (with sejiaiation of snlplnir), 
• ■‘'ihr IK id, etc, lediue ai-ul solutions eontunnng vanadium <‘ations, hut 
oiilv up to till' tcLiuvalent condition, and theiu-e the lupiuls only hecome 
hluc On hoiling vanadium peiitovidc' with iinicf ulrufid ht/droiIdoi o' iinif 
ililoiine 1 ^ evolvi'il and elilorides oi owchloiides arc fornu'd, some of 
w liH h contaiii pi'id a \ ali'iit and ot lx is let i av alenl vanadium (Itoscnheim). 

I 1//////0//////// ^id/dndr jirodiu es a blown precipitati' ol vanadium 
-ulpliiih' wliuh dis''ol\es witli some ditliciilt^ m e\i-css of tlu' 

(ii'iijl^ant, ioiming a ic<lhio\\ii ^-liition A( ills ])iM'ipilatc hiown 
V m.uhum siilfihide fiom this solution. 

~i l'i>lii‘^.\irini ji I iiK'i/itiiidr piodnces a. Ilocc uh'iit giii'n pi ei i]iitate 
wliii h doi's not. dissolve in ai ids. 

t» Tinmii i/i'id prodius-s a hluedilaek pii'iipitate in solutions whuh 
' " 111 .nil only a iiftl" fiee .icid. 

7. On treating an ai id solution cont.iinmg vanadium cation with 
alkali taihonale until the fiee at id is ncaily neiitiatised, and then with 
III- n-iirniin iiil/jfr titiil III! I'.i r< ss oj pt' npihih d tin > nirn'm idi', the v anadium 
>"11 IS eomplelelv |)ret ipitated as tm n iiioii.s unindiili. On igniting the 
p'l i ipiiati' vanadium jientoxide is obtained. 

1/^) ru/m'/u/c.s — Dentav alent vamuliinu foi ms a w hole si iu's of dilh-rent 
.umI cspe(ially of eoniplev anions, of which only the ortho-, pyio-, and 
"x buanadate.s, V( VnUj'^'aml VO^,'. <au be mentioned lieu, \anadinm 
a>"i'lals usually (ontain oillmsalts. 'I’h" st)lubl«‘oi llio salts aie conv erted 
' />’</., 37. inU8. 
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ovon on standing in aquooiis solution, thi'ouj^li liydrolysis. and the insoluble 
salts on the addition of acid.’into vnnadates contjunin^f a smaller cation, 
and cv(“ntually into nu-tavanadatos. 1'lie saiiu' remark a^ipHcs to tlio 
pyrovanadates, in tlic solutions of wlucli metavana<latcs are readily formed, 
even on the introdiietion of eai Ixui dioxide. yVIkali ^•anadat(“s are obtained 
by dissolving vanadium pentoxide in potassium or sodium hydroxide 
solution, or by fusing vanadium jientoxide with alkali rarbonates or 
nitrates. 'I'he solutions ai(^ eoloiuh'ss. 

1. On introducing solid (ifniitoniiint rhlondf’ into a neutral oi‘ alkaline 
solution of a vanadate j>ieviously li<’atcd U) 30' tO'^, the whole of the 
vanatiab' ion se[»atates as colourless eiystnlline inmiiouhnii 7twfarrniit(litli‘, 
w'hieh is insolulde in ammonium chloridi' solution, and wliu h, wluai igniti'd 
in o\ygen, leaves a lesidue of pure \'aiiadium pi“nl<i\i(!e This is a par- 
tieidailv < haia<dei'H(ie K'iO lion 

2. Solutions of tin- alkali mct.ivanadates are reddened by stiomj 
owing to Ihe bnm.ition of div.mad.lies (condensed iii the manmr of 
di( liKunates). 

3. lUuiinii rjiln) iilr, but not sfiontiiim or eahium etdoiuh' (distineth'ii 
from phospliali' and alienate ions. Carnot), .viVeer nilruh', and h<i<l nxhih 
pi'odiiee III solutions of alkali (meta) \anadales \ellow’ |)i'ci ipijati‘S, whuli 
lieeouie colouih'ss on staiidimj;. and mou' lapidly when lie.iteil. 

-I 'Fhe following r<-ai lions enabh' the didVriait. \anadates to be dis- 
tiiiguisheil. Coppei sails gi\e with nietaMinadales a pulveiuhmt pre¬ 
cipitate var\ mg liom l»lu(' to yellow, and with ortlioi atnnlales an ap[)ie- 
gi'i'eti jiieeipitate. I.ead sails gu (' a while piec ipitate. and silvei salts an 
orange-ied |iie( ipilali* willi oilhoi'aii.nlales, Ihe latter being < haraeteiislie 
of these sails (<•/' CInlesolti. Aln'Lig’s Uifii//l'/ii'li, \’ol. Ill, 3, pp. 7.’t7, 
7(i.7). 

f). Solidih' iiiiiinil .Mi//s pKH ijiitate iiHnii/l inn/u>>iiniiii roitiululc, 
(TiO^lNII t), , ICtb fiom an ammont.ii.il sitliilion (or also fiom one 
slightly aeidilii'd with acelle acid) winch lias bei'ii tia-alial wUii amnuHimni 
aeidab'. (Mi-thod of sejiarating \aiiadale ion from the ions of 11 h“ alkalis 
and (‘aiths and fiom manganese, zme. and eiijiiie ions.) 

b. ;\ lioiling solution of nitDiijitiious rhln/iilr eoritaining ammonium 
eldoiide pr<’eipitiites niiHtihitv ftoin a boiling vaiiailate solution 

wliieb has la'cn lu-aled witii amnioiiiiim elilonde and ammonia. (Metliod 
of si'parating \anadale ion fiom mol_\bdafe ion ) 

7. W'lu'n mixed wilh itiiilinr lii/diorhlc/ )>li‘ alkali vanadate soljiitions 
yield vanadium t<‘tra<‘lil(‘i id(“ aii<l <ni(liii< f'hn-k. 

H. Ammonium sulphide' acts in tlie saiiU' way as upon the eompounds 
mentioned in («t). 

I). 'I’lie same K'lnaik ap[)lies to hnuiir tii'hf in tlie piesi'iK'c of acetic aciil. 

JO. On sliakmg an aeulilii'd solution eif an alkali vanadate with lii/<!roi}i u 
jicro'xidr tlu' setlidioii bee»)mes I'cel, or when very «itluf<‘, browiiish-piuk. 
owing to the formation of pctraiuidah If the lujuid is then shaken wdl> 
ether it n'tains its <'oloiir. while th<‘ ether r'crnains eolomh'ss. 'Fins is a 
very finisilin ruir/on (W’l rtliei). 'I'lie dislmbing mlliu'nee of non ion ma\ 
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<‘linmmt4 d by iho addition of ])hosj)liorii* sudd: ,,,^jXCC 8S of liyd^ogm 
|H io\i<U' piodiices |»artial dcculonyation {A. WHlor) 

il. A Nolulioii of vanadium pcntoxidc* in voiucntisited sulphuric acid 
willi litiiiK' ;i bluish-violi't coloi'sition, sui>se<juent(y 

. to pitdv. ’Tills IS SI lei'v sensitiic ica< tion. 

pj /j’nidi dissohis \ansidsitcs in the iniiet smd outer llaiiK', forming 
iMii'-paieiil 111 sids. In the oiihM' ll.inu* tliesc an* sellow’, oniiioc, or daik 
\i lliiui^lidaown wlulc liot, sind colourless (or \elIo\v when si Isn^U' amount 
(it \ .nisidsitc IS piescnt) u h< ii cold ; iii the miier llame tlu'V sik' si line green, 
oi l>to\\ nr'li 111 I'M h«-ii< e ol SI large amount’. an<l tlu ii only appeal' greiMi sitter 
looliii'i 'TIm‘ (illiih hesid is hiounisli-icd in the; oute^ llsime 

w Ik II hot (^eiisitii e leai txui) and oiaiigo to \ el low w hen coI<l. In the inner 
llame (he head sippcsus hrounisli-gicen uliih- hot, and is th<' same colour 
allci cooling. 

I.’! I'or the iiii'iix/iiuni (t! il' I" iioii of vanadium, sik- I lauslioier, M >kin- 
h’l iilhoio II. p Idd, and In-hi'cns-Kley, M iiio'^g/ic ,l/m///.sc, 

.ad cd . p 


Finn (iuour. 

Ions of the heavy Metals with Sulphides insoluble in Acids 
and Alkali Sulphide Solutions. 

.MciiiIk'is of fieiiiieiii. oediri'etK'e • Silver, Mercuiy as mercurous 
and mercuric ions. Lead, Bismuth, Copper, Cadmium. 

Meniheis of larei o< i mrenee : Ruthenium, Rliodiuiu, Palladium, 
Osmium. 

SpC. hit 

('honirlcrisltcs of lln- (Iron]) 

Position in the periodic system. The fifth anaivtual group 

ilK lilift'S SI whole st'iies ol hesivv imdsils, which all oeeiip\ ]iosit,ioiis 
In I h(‘ Huddle ol the dilleient gi eat pel lods. (if 1 he mem hers of t.ln^ 
iii.st gie.it period, (oppi-r, wliK'h js eonsider.ihly moie “ nidile 
e less strongly elm ti'o-positive) than its neiglihour.s in this |M'no<l, 
helongs to this group, whilst tin* remaimh'r helong to tin* fonitli 
anahtic.il group. 'Tlicn eome the ch*meiits which oreujtv adj<»ming 
po.silions ill the middle of the seeniul great period : ruthenium, 
rhoiliuni. silvr'r. and cadmium; whilst fiom the muhlle of the tliird 
and foiirlli great periods come the elements; osmium, mereiiry, 
lend, and hismulh. intcnuptod only on the one hand by the (denu'iits : 
indium, platinum, and gold, wdiiidi are again very rlo.selv rehited 
to each other, and. on the other liand, by thallium. If we take into 
coiisideialion tin* fact that the lioundaries of C.Toii]>s I\’ and 
(or of V. and VI.) are l»y no means sharfi, tlu* similar behaviour 
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of tlie metals occujiyinj^ ]>osiiions in tlie mid^lle of tin? ^rc'at perioih 
and followiiii' oiic]) olJier in the order of their atinnic wei^dil^; 
becomes still nuae evident. They are more “ noble " (less stronulv 
elcctro-|)osiliv(‘) i>n the one haiu'e in jiroportiou as they a[)prorH h 
more ncarlv to \ h(‘ in/<((llr (d (he |L'i'<‘al jx'riods, ainl on tlie otlu'r hand, 
in proportit)!! to the ma^nittidi' of their nfoinie widuhts The ^.ihs 
of all the nnMiibci's of th(' fifth analytical uroup, witli tlie (‘.\cc])l ion 
of those of silver, show a teiuhna-y, llioiij.lh not a ])ronomiced one 
towards liydrolvsis 

Analytical character of the Group. The. siil[.hid(‘s of the mei.iU 

of tlie fifth uroup are insoluble both in diliiti* acids and in alkali 
sulphhle solutions ; ' hence tii<‘ ioiiS(d this ^roup are eomph'lel\ prr- 
ei[)itated by livdro,y(‘n snlplndc fn»iii tln ir sobilions. whetiu'r tlicM' 
are muitral or eoiibun fn‘e aei<l (m inoileialc (piantif-y) or free alkali 

The fact tliat tli<‘ solutions of nuis of the llftli yroiip yiidd pic 
eijntates with In droyen sulphide, even in (lie presciu c of a free, sti oii" 
acid, distinmiislies them from the ions of tin* lourlli ”:roui>, as iinh r .l 
from thos<‘ of nil pievious groups (sih* ]>. 217, footnote 2, and Ihe 
other referouees ^dven then')- 

A betti'C survey of the ions of fri'ipient occurronec of this u,roii|i 
may bo obtained by elassifying tliem into - 

]. Tops prccljiilalcd hij iDjilrifcldoi'K' (U'lii: Silver, merciirons and 
load ions. 

2. lopfi ‘pol- pr<’(d^nhilp<l (>1/ hijilrochlorir rn'id : Mercuric, eiipric. 
bismuth, and cadmiuin ions. 

Attenlion must Ix' diree.b'il to lead ion m both divish)ns, beiaiisc 
tlie spariiif.^ .solubiiify i>f its ddorale mahes it possible lor if- fo be 
mistaken for nienuirous oi‘ silver ions, buf does not albud thi^ nicaii'' 
of sejuirafinu It eoinple1<d\ from the ions of fh<“ second divi.sion. 


Si'KciAl, UKArrioNs OF 'iiiK MuMiiiuis (U FiKiii (tuol'P oi 

hhiKtMiF.NT OccruiacNCF. 

First I)n'isn>ii 

Ions pircipilaU’d hi/ h/diorldonc acid. 

Sko. 70. 

(a) Silver, 107-8t^. 

1, Silirr is vionocafnil. ^Metallic, silver is white, veiy lustrous, 
moderately hard, very duetdiv and luses with som<' dilhculty at 0(i2 . 
its sjiocific gravity is lOTt. It does not heeome oxiiiised on exposure 
^ Ceiniiare. liowcvcv, llu- bobavioiir of copiici, nu ll my, and bismuth, le 
whieb tins rule is only juiilnilb apjdjial'lo 
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tt> the air. Silver disyulves readily iii ililiite iiitrie acid, and, if 
I'melv divided, is s<mie\vhai soluhh* in dilute (1 : 1) su![dmrie. acid 
(Carey Lea). It dissolves in hot concentrated sul)>huru‘ acid, with the 
evolution of suljtliur dioxuh^, Imt is insoluble, in hydrocldorio acid 

2 Eihrr fue/i , is a ;;ievish-hr()\\ n powder, which is not 

.ib.soliitcly insoIui>lc. ill waOu’, and dissolves icadily in dilute nilrio 
ill id . it IS a .stroiiL^ liasc \\ Uvu heated it is d*‘eonij>osed. as is also 
till* jieroxido. into o.K)^en and melallio silver. Silver does 

not fuiin a hydroxide. ^ 

.■) The salts of siUr) are not volatile, and aie usually eolouiless ; 
tnaiu ()l them beeonu* black on (‘Xposme to the lie:hl’ The soluble 
neiilial s.dts do not atl'e<'t litmus paper, tlu'v are decomposed on 
lenit ion 

li/li'fi' .salts aft' dccaiH[loscd hif inainf ll■||a(■/n>| ii'ilh the 

jiaiafioii nf nut a! hr si(r< i\ as c.//. silvi'r chloride b\ sodium h \ di oxide 
iilutinti aiul sn^ar, or by formaldehvde , ammoni.ual or aeetie- 
.11 id solutions of silver salts \>y h\dia/.me t>r h\drowl.niiine salts 
(Kiioevt'iiaecl and Mbhu') ; silver .solutions tieated with sodium 
,net, lie and boili'd with hvdro<piiuoiie {distiiution from lead ion) 
(bidlioim, ('/irm Zrafr.. I . 771): amnioniaeal solutions when 

heated with fairlv eoneimlrated pot.issium hvdioxiih* solution and a 
lew drops of elveerin (K Uonalli, ('/>rhi Zrit . 32, (!2'.t). (Method 
"I (|e1eetin<4 v<;ry small (plant it les of silvi'r loii . r/ also I I and 12.) 

1 Hydrogen sulphide and also ammonium sulphide pioduce in 
'ohitioiis of sih'cr am a black in'ct /la/alr of .sihrr saljilialc. ApoS, 
whnh IS insoluble m dilute acids, alkali h\dioxahy and alkali snl- 
|iliid<‘^'oliit ions, but dissolve's 111 pot.issiiim evanide solution. It 
I' o'.nhU decomposed l)V boilin;f mine acid and dissolves, while 
-iilpliur separal es 

Innnotiiaia tJiHKici talc also piX'eijHt at es silver sulphufe. 

■' Sodium thiosulphate, wln'U added m s-umll /aopotl/oa. pro- 
'luies a ichit<’ jure/i)/lalc. a'fiirl/ on hralnof is coiiciitril nit'> black 
"‘hi) siilphulc. The ironic jacc/julalc is soluble in riccss of thr 
jxii'ijatant, foimim; a solution, wliieh. m the absenc(i of frei' acid, 
leinams clear <wen wlu'ii boih'd. In the. pre.seneo of free acid silver 
■‘^ulpiiidn IS ]>ree,ipitated from flic hot lupiid. 

h Potassium and sodium hydroxides iirecipitato sih<r ondc^ 

A'.;_.(). in the form of a ere\ ishdmiwn }»o\vder, which does not dis- 
i'l’lve in excess of the precipitant, but is readily soluble in ammonia 
solution. 

7 Ammonia juoduees a brown iireeiiiitut(^ of silver oxuh', but 
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onlv wli(;ii it is in very small proportion io noiitral solutions of 

silvrr sails. This procipitato is nadil;/ sululilo in oxcess of aiuinonia 
Holutiui), yilver (infiiwjimni hydiondc. A.”,,{X1I;5)h i boiti” 

formed. A'o precijnlaU* is foilin'd in uad solutions of silver salts. 

S. Hydrochloric acid and soluble chlorides t'roduee a v'lniv 
c^/.vf'o?/,s’ yicci'jntatc of chlondt’, A^Cl. When the solution is 

v<‘ry dilute only a hluisli whitn ojiah'seeneo is at jirst ])i'odueed, hut 
on standing for some tim<‘ in a warm place I li«‘ silver eliloiide eollct.'ts 
at tin* Imtloni of the vc'ssd Sih(‘r (hloride, when <'xpos(‘d to 1h<‘ 
li^ht, eliane.<’S fiom while to violet and linally hlaek. meanwliit' 
losing; ehloiine It i-s’ iihsohihlc va wlnf (Kid. lull dissoh'cs laidily w 
(iniVK>7ii<i .'Kibitioii. proh.ihly as silver di-ainnnminni ilihuide 
A^(NH,;).>(’] ll may l>o sepaialed a^am Ironi this ('ompoiind h\ 
means of ai id Coiieentraied livdian hlorir aeid and eoneenli.iltd 
solutions ol alkali chlorKles dissolve silvi'r ehluride to a very apple 
eiahle (‘xlent. espcdailv on heutin;.^, lull on dilutiiii; Ihe solution Ihe 
silver (hloiide is ie-])t(‘eipit<iled VoUis.sihik ci/uh/dr and .‘^odmn^ 
lhiOf<u( iiIkiIc teadil) di.ssolve si[\('t eliloinh' \\ lii'ii licateil, siKer 
ehloinh' nu'lls willioiil deroinposM ion. and on eoolinj.; yii'Ids a li.iiis- 
lueenl liorn-like mass Sil\<“i elilondi' is reclurc'd l)\' /.iiu' and dilnie 
snlphuiie. and lo metallie ziiu', while /me. <'hloride is fonne<! It l^ 
also r<'du< (‘d lo silver w lien ipmh'd m a eiirn'iit of hydroj-en or fused 
witli soiliiim earlnmale. 

d. f^iihi.y.sin'ni iodide produces a while ]>re('ipitale of .sdni 
'iodide, A'^\. 

10. Polossnem eliioii/dle prodiiees in solutions, wliich are no! leu 
dilute, a dark hiownisli-ied prci ipilale of .v///V7 elnoiimte. V^.d'iO, 
wlueli IS re.idil} soliihle in mine, m id, dilute sulpliinie arid, and 
ammonia solulion. 

11 . (In troatina a. m-ulral or aninioniaeal solution ol a silvei 

salt with a clear solution ol ten'ous sulphate to wineli tartaric acid 
and excess of ammonia havi* Immui added, a Jiiohj judet nileiil 
pieeipildle f<ej)Kr(ilc<, ti'eti U'l/eii (I/e .•'ohitioK a’us ri'ii/dilute, hurtliei 
investlealion is ie(jmi<‘d to deOumine whether tins jirecipilaO; is 
silver snho\i<ie, or. as ajijuairs ]iiohahle. from the, woilc ol 

T'riedh<‘im, is a imxluie ol silvi'r and sih'cr oxah' eontaminated 
with oreanie mailer. F/inuis ,'<iiljd/'ite hy it.selj precij>i 1 utes metallic 
silver li'om ju'Utrai solutions of silxi'r salts in Ihe loim ol a 
pieciiutale. Tins jueeipitalion takes jihue fj^iadually in the loM, 
but mole (piiekly on lii'alniii 'I'lio sej)aial(‘d sil\er sometiincs 
adlieres as a mnroi to the sides of the gki.ss ve.ssel. 
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12. On addin" chromic nitroic and albtli liijijroridc io a sointion 
of :i. silver salt, inefjdhc silver soparat^-s as a black procipilate (or 
latlieenso of veiy small (piantities of silv<Tas a brownish tairbidity). 
Tins is a very sensitive reaction, t\lnch is suitabb* for the. detection 
1)1 small amounts of silver in metal objects A little of the substance 
i-v tiled ofi‘ and dissoUed in nitric acid (Malatosta and J)i Nola, ('hem. 
l,-m, , ibl.'b U.. itm). 

l,‘l When solid silver comjioiimis an* mixed with sodiuin car¬ 
bonate in a hollow on eliareoal ami (exposed to the inner blowpipe 
Haine, h(slrou>i ivlnle nuiJIcohlc wrl/rJIic i/JithKlrs are olitained. with or 
without the simiiitaneoiis formation of a thuL ml ih'posit. 'I’lic 
icdiu t ion IS also i‘asily elToi'ted on charcoal sticks (p. S8}. 

11 Silver eomjHuinds dissolve m alkali phosphate and boraX 
ti) fnim heads wliuh an* vi'llowish to opalescent’ in tin* outer llame, 
and yTcyhit I' in the redm'im; Ihiim'. 

l.'i, For the. 'tinci<K‘hfnncaJ (ItUclnm of silv<“r. see 1 faushofer, 
\]ilro'^loptsrhe I't nllI idk it . p 117 , l’•ehlens-K le\ Mihinc/irmisr/ic 
,'li'{| ed , ]), 120, Slieiiu, liii., 18, Kel 2»ri Selioni‘1, 
'An(-«:h iimd. ('hnii . 47. 221. 


Sko. 71. 

(b) Mercury, TIu, 2n(i (; (as mercurous ion. If"- ■>). 

Mfic'ii;/ IS iliriilcnf. and forms two senes of compounds; the 
tiM'nuious compounds with the cation .11" 'o, and tin' merc.uric< 
'■onipoiinds with the (aitmn ll^r Since these two seiii's of com- 
piuinds aie. sharply (iith-rcuitiaIcd aiialvt.i<Mllv, tlie\' are dealt, with 
ill si‘|Tuate .SOI lions The. ii'nciiinii'! cdhi iitr In'^l ih'.'^i-nhi’d. 

1 .]!il(dlie )iiiiriii>i has a speialle ui.r.it\- of l.'i.') is siK'eiy- 
wliMe. miii'or-like. lupiid at’ the oidinaiv lempeiat lire, solidities at 
">1* , and boils at d.'iT'-T it <lissol\es in cold dilute nit no acid to 
‘"'III mci’« utotis nitrate, and m the. Imt l•oncl*nl i.iled ai id to form 
iiien-une niliatc. j|. is insoluhh' in liv<lroch!oiic acid, and only 
dissolves witli dillicult’V when ])otassnim chlorate is add<'d to that 
ai id (IjC' co). It does not dissolve m iliiute sul])liuiic arid, t'on- 
coutrated Imilin" sulphuric acid dis.solvcs it, whilst Inclilx «on- 
xMili.ited iU’id lias .some solvent aition, even m the * old sulphur 
dioxide heiu" formed. 

M(ri'in 1 / r<tj}iiin , even w hen ])ie')eiit onlv in sli'ifhtct lace^, ina\ he easily 
d'-tcited by raiisiii;' it to act upon ]>apci upon wlmli s 1 iip<'s lia\t‘ tieen 
iM-ulc wiUi atiunolua'nl •'ilvct solution. 'J’hcsc aic soon liiineil l)lack, 
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owing to tlic n'ductlon of tlui silver salt (Merget). Or ihv, vapour may lio 
broiiglit into <-ontac't with a solution of aune ehlondo, fieo from nitiic 
aeid, and is then absorhed, with the formation of mcrcinic ion and sep;ua- 
tion of inetallie gold, wliieli si piirates ip u lilm orsjiots and streaks (Barfued). 

Mercury va])our in the air may Ix' iletectcxl by jiassing the air ov<'r 
gc'iuiine gold-leaf, and introducing ihis into a (leisshu’ tube piovided with 
th(“ neeessary stopcocks. 'I'he air is lirst renio\ed from this by ri'pi'ateilly 
exhausting it and tilling it witli hydrogen, and on then exhausting tlic 
tube, eonduetmg an induetjon <-nnent tlnough it, and examining it with 
tho spectroscope, th<' chaia<‘terisl,ic green line olO/i/i, and also m ihc 
})re3en('c of a consi<lc-iablc (piantity of mercury the blue lino (oO/z/j, iiia\ 
be n'cognised. 'I’liis is a veiy sensitive metiiod (r/ Treadwell, QiKtlilalm 
Avuli/his, ()th (m 1 , j). 475). 

2. Mirnnous oxufr. Jlg^O, is a blaek jiowdiT. which voIatiiiM-s 
witii (leconipo.siljon wlimi lieuted. and is n'adily soluble in nit in 
acid. Mercurous hvilroMde ns not definiti'iy known to e.xist, and in 
any case is unstable 

The nicK'uious sails volatilise with (lecom])osition on heating. 
M(‘rcurous clibn ide (i alonu'l) and mercurous bromide volatilise 
ivilJaial (IcroniiiosilKtH. Most of the mcieuioiis salts are colourless 
The soluble salts m the neutral condilion reddmi litiiius, owing lo 
hydrolysis. Tiu'y are converiixl by the ai lioii of a large, amoiiiit of 
water into basic salt with the libeiatiou ol and, ajj., \ lgo(N< I ^ 
- llg2(011)K0;{ l-JlN();j. Jlenee, when iiincurous nitrate is treated 
with water free from aeul, jiait of it. sejiaiates as a yellow basie, 
salt, whilst the reiuainder dissohes owing to the action of the and 
jirodtieed. 

•1. Hydrogen sulphide ami also ammonium sulphide produce 
hl(uk iurcipilalcs, winch ai<‘ msiduhlr ni d.ihilt' acids and aho in 
paUissnnii ci/auKlr sahiliati. These preeijiitate.s (when aininonium 
])olysulphid(‘ has not heni used) consist of 'inuliiics oj ■mcfcinir 
sulidildr, lIgS. with /d/cb/ divided mcUdltc 'iiicrcanj. A solution <4 
sodium mouosulpliide diSvSoIvos sii(4i preeijutates in Ihe presonee 
of a little sodium h\dioxid(\ while metallic ineieurv is separated 
and .sodium ])olysulphide solution dissolves tlinn without such 
separation. The residting solution contains mercuric sulpiio 
anions; on the addition of ammonium ehlondo, morniric suljdiulo 
is jirocipitated, jhuling ddulc nitric acid dissolves tin* mct.iliic 
mercury as miTcuric ion fiaun tii<‘ jin'iipitale produced by hydrogen 
suljdiide, whilst the. mercuric sulphide remains undissolvcil. Tin' 
mercury reacts w’llh boiling vmaritlratvd lutne acid to form a white 
double comiiound, 2llg8-l llgfNOy)^;, and it is readily decouipo.sia! 
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.iti'l ilKsolved by a<jua regia ov l)y liydroi-hloric acid ajul ])otassiuin 

, hloiatc. 

Sodtxiii l/iio.siilf)Ii(t(e j)ro(liic.(‘s a black [)rcci])iiat(^ of sul|iiinlc in 
:i(i(l .'•'uhiUons of incn-urous salts. • 

Potassium hydroxide and sodium hydroxide give a Naek 

)]ic{ ipitiite of mercurous oxkIc cojitainiiii; nn'tallic mercury and 
iiicri iinc oxide ; this piccipilate is insoluble in ex< i‘ss of Hie ]»ro- 
(ipitaiit. Ammonia ])roduces in very dilute solutions a ///c// pro- 
i.ipil<ite .ind in ( oiiccntratcd solutions a Wuc/,; precipitate, which aie 
sohihlic with <h“conl]) 0 ^l 1 ion, in (“xcess of the ju’ei ipitanb. • AVben 
tin' .iinmonia was addml in exci'ss. these prccijutates consist ol 
niixfuies (d I'mely divhled mercury with the white ])reei|»itatcs which 
. miiionia pro<!uces in tlu^ solutions of the respec.lut' mercuric salts 
(!c|nit, Ihllfocd) ('/. Sec. 7l, 5. 

r. Hydrochloric acid and soluble chlorides produce an virmliiujlif 

tilull'. Jiii< h/ ii’ih 11 nil I'/ juc( ipitatc ol tiicii-ii/oif '! (/do/c/c (calmiiel), 
II;. This IS jnsoluhlc HI cold hydiocliloiic and mtiu; a<-ids, 

will'll, however, slo\v!\' di^soKe it on hoiliny, li\drocli!onc. acid 
'oiivri'tmy it into metallic nierriiM’ and m'‘nuiic ion (t.oei-t.hcr wiHi 
( Idonnc mn), w'lnlst nit i c-;u id » on\'crts il loinpIcIcK into mercuric, 
loll (tovft her w it ii < Idol me and nrt.iat i.‘ ions), .\ijuii n’<iiii and I'ldoriuc 
wal'T ii'adily ilissoK c nieu-iiroiis ( Idol uh'. corn ci 1 in-.-, it into iiKU’ciirie, 
chloride. A iiniinHia and uml Zo/d/o//d/'v de<'oinpo.se 

incn urous ' Idolidc. the lust \ icldiny ;i, black mixture ol \cry fiindy 
divi-lcd ln'■rcnIV witli t.lie soaallcd mfusibh' white precipitate 
t^'ce 71 >) The black' pr<,‘< i[iilat(‘ piodiKaul b\' potasMiim and 

"dmiii ludro.Miics IS a mixluie of nicriau'oiis oxah' witli lineiy 
d(vidt'<l inercm\ and men uric «i\'idc (Ikirfocd). 

7 I’ota^sium iodide, .id(|<“<l in small propoitnjn to a, S'diilion of 
■I. iiicK uroiis s.dt, ]»rodin . s a on-en precipitate ol nu'n-unui-^ iodide, 
ll'-'jL, will'll JS .‘■oleh/c III |■H■|■SS i>f po/</s,N/f///y IihIkIi- 'nlilliiiil US 

aienniir pobosium iodide, with the sepaialion ol melallu^ menairy. 
Ib-ii((‘, on addmy excess of potassium io«lidi\ a .yrev pre ijulats*, of 
iiieniiry is mimndiati'lv pi’oducd 

When a drop of a luaitral or slightly acid solution of a tner* 

‘ iiroiis salt, a]i]dn‘d to bright COppcr, and the surfai o o! the metal 
\\ash(‘d afti'T some lime, the spot, when gently rubbed with wool, 
1‘^prr, etc , appears '<i(r<'ig-ivhic and lastroiis. On hoatin;^ the copper 
-' iillv. the apjiarcnt silver plating disajip-ears, owing to the volatilisa- 
’"'H o! Hm' increiirv. Solntion.s of morciirous salts lieliave towards 
‘'H'Uls m the same way as solutions of mcieiiiie salts {cj. See. 74, ‘J). 
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9. Stannous chloride, wlion added in t'cri/ smill jnoportion ut 
very dilule solution to the solutions of inerourous salts, gives a wlnir 
precipitate of viircuioiis chlonde. On the addition of any considci(d>‘r 
tfuantily of slanvous elifotide iIk^' while frecipilafe, which appan-'i 
nto7tu'nlardy, dunajes into a yrey 'niixlaie (f fuercnrous (dUoride. v'lth 
Jhiely divided ineicmy. Wlien an excess of stannous chloride is 
added the (jrey pnripifale is c<»nv(atc{l juto a I'lack one of liiu'lv 
(livided nielallie, iiKieiinj. This niav be made, to coalesce inio 
globules of inerciiiv i>y allowing the pnaipitalc to subside, and, niter 
(h“(!ant'ing the sU}M*niataiit lu[uid, boiling the residue with hydio- 
chloric. acid, to whu h a little mor<‘ stannous I'lilotidi; has been aihh.i! 
{cf. also Sec 71. <>). 

Jo. J*ol(f<s}inn ehronialc juoduci's in not too dilute solutions of 
mercurous salts a biigitl. u‘d jircci|iijate ol ha.yic iiiercaro/is chromulf, 
3llg.>(h‘0,j-|Tlgo0, which dissolves with some difli(iiity in nitiic 
acid. 

Jl. A Solution of diphethilearbazide, in alcohol gives a hlnidi- 
riolet coloraiwn with neulial or slightly acid solutions of mercurous 
salts 'Phis is a very sensitive usiction, which, liowcvi'r, is masknl 
])y co])per ion and inhibite<l by zinc. ion. (TIu' n ngiuit must l-i' 
(|Uitc white ; if not, it must b<^ recrystalliscd lioin acetone). 

12. When anhydrous menurous compouinls are intimately 
mixed with anhydrous sodium carbonate, and the mixturi' intro 
(hu'cd into a glass tube closed l>v lusion at tlie lower ciul, (;ovcrc(l 
with a layer of sodium caibonati*, and strongly heated, there is 
invariably a decomposition in which metallic meieury is liheraled. 
It is depositi'd as a gre) .suhlnnale above the place wdiicli was lieatcd. 
and this may ho rccu with t he aid of a lens or a mieroseo[)e to ho 
composed of globules of mercury. On nibbing the sublimate with 
a glass rod, the line ])nrticles of mercury coalesce into larger globules. 
When a very small granule of lodiint is placed close to the de])Osit, 
aft.or cooling, and genlle heat is ajiplied. the suliliinati' is conv<'i'iei! 
into mex arie iodide. As a rule t his i.'^ nul at lirst and can then casiK 
be seen, luit sometimes it may }>e yi'llow at Jir.st and is then not so 
readily rocognisi'd. Ihit if tin* tube is allowi'd to stand for some time 
the yellow iodide is transformed into the red modification. The 
conversion of imu’ciirv sublimate into an UKlide deposit may also be 
elTcctcd by ])n.ssing the tube, eontaining flu', sublimate through a 
hole in cardboard and suspending it with its open end downwards 
in a small lu'alver containing iodine (Nh'ga). 

13. With regard to the nuc/vdieniical detection of mercurous 
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(umpoiiinls, Hausbofer, Mikro^Li)})i!<f}ic Itiolliinirn, p. Ill; 
lli'liidis-Kb-v, MikiochciHischc .ia(////.sr, .‘3rd cd , [». 110, Scboorl, 
Anlsc-lt. (imd. (Jhnn., 47, 218. 


tSiic. 72. 

(c) Lead, VI), 207 20 . 

1 J,t(id is (hnilrfU and Iflidcolcul in its <-(>m|>oiinds Motallin 
b'.id iS liL'tious wIk'II frfshly <'Ul. jc.idily fusible 

(.it -‘-27 ), aitil viil.itdi.ses at a white heal Its sju-i ilie |^r..*^ity is 
11 .‘ 1(1 When liisnl on eh.n'i ii.il l)y means of the blewpijie it, lorins 
a d<'|)Ovti, of \elIow oM<{e on 1 fn‘ eharcoal. It is but. little attarked 
b\ lt\di(H Idol ie acid and iimdi-iaOdv coin imt iatial sulphurie acid, 
i'\t (1 on hc.it.iny, but dilute nitric acid dissolve'^, it rcadilv, csjkm lallv 
w Im-ii hot'. 

2, Ijdil (IIIhai}i,e), 1/bO, i.s a vellow or naldtsli-yrllow 

nowdrr. \\hi< h apjNMi's biow’iiish-rcd w'lmn liot , it is fusible at white 
lies' Jvcad h\di<txjd<' l’b(OJl)_,, is while , the jdiimbites with the 
anions I'b()"^ or (IK 1)1'Id b are del lYcd fiom it. l»o1 ii are dissolved 
!•) nitije .nid acetn- aeids Lrud jutoinh’, Kbit,, is bi'owii is coii' 
xeiird bv lenitioii iiit'O le.id oxhIc, and is not soluldi- in liot iiitne 
.11 id, but ilissolves iinidily when .i little sin-ar. ali'ohol, or hydioemi 
|-<'io\nin IS adiled. Tlie solution contains (hi* ions of load nitiat.e. 
Lriiil s, sqii/o., itl>\ I’IkO.j. anil nd lend. niiisl. be ie_eai<h*(l as 

bad salts ol fhuidiic er’a/, L*b(lKI)|. I’b( )(( t^bb), and I’b(t )^l'b)^. 
'I lie srs(|Uio\ide is \ el low, and led lead is red. N it i ic acj<l dissolve.s 
tlie le.id c.ilmn lioni Ihein, and Iwim's le.id pcroxi<h‘ 

8* The .s.dls whiili <onlain dualent' lead ai<‘. not. volatile., and 
■oc iisiialK coloiiiless, the iieiitial salts soliihie m waliT Jedden 
htniiis 111 coiiseijijenee ol li\’diolvsis. and aie de<'Om[)Os(‘d on ignition. 
Of tlie insobiiih; .s.ills oiilv a hwv. r q lead laibonate, bb('()_{, aie 
deioinposcd on jeiJilion J.ead chloiide. bbCl.^. when ignited in the 
pi'"^i'nce ol air. is partially vohit ilise<l, and leave.s a residue of lead 
<'\\'ciilo]-ido. 

J Hydrogen sulphide and also ammonium sulphide pn'diue 
'< IdarL jincipifdh' oj'lend .'<>djd>ii(t\ IMiS, iiisdthdilf In add dd'ih- ar.ids 
■'I'd in (dhfdt, alhdi sidplndc. ami po/u.ssona Cipmldf .M/Zubor-w T/tc 
'pirrijiifitic /.s‘ dccotnposrd bij hoi Piliio arid. If the nitric, acid is 
dilute Mi(‘ wliol<‘ of tlie lead is dissolved, whilst snl|)liiir separates, 
hut if it, i.s funiine acid the suljjhnr is also coinjdete]) oxidised, and 
uiily insolulde leail suliihiit)' is oldained : m tlie ia.se of acid of 
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medium coiiceidratiou, hotli })ro<.-<‘s.sea occur, i.c. part of the lead is 
dissolved as lead nitrate, whilst tlie r<*niainder separates as lead 
sulpliate, togeth(T with the unoxidised sul}>hur. Jf a solution of a 
lead salt contains a lar"e excess of a concentrated mineral acid, no 
precipitate is produced l)y hydroiten sulphide until after dilution 
with water, or until the ae,id has he('n \(artially neutralised with 
alkali hydroxide. The reaetiou 2H' thus only 

proceeds to a ]tvououneod extent [I'om hd't to rij^lit (practically 
complete pre.ei^ntation of tin* haul sulphide) when the. hydrogen 
ion coheentratinn is small. Jf it is high the process is re.tarded or 
entirely inhibited. M'hen a lead solution is treated with hydrogen 
sulphide in the presimce of imn li five hedroehlornt aehl, a red pic- 
cipitatc of li'dd snlpl/ovliloi hhuSi ’l.j. is siniietinies ohtained, hut 
this is gradually i-onverti'd hy (‘xeess of Iwdrogen sulphnh* into blact 
lead sulphido 

f). AviDioniyvh f/uoi/cdtite prodncos in a cold hydrochloric a* id 
solution of lead salts a risl pi<'( i[)itai(^ (siilpho(‘hlori<le), wliicli, on 
heating, is eonipli'lely convcit.i'd into hla< k load siilphido 

h. SimI{k 7H thiosul}>liiili- gives a white prccipilato soluble in eyri es 
of tin* }»r(‘('ipilant, with solutions of lead salts In tin* pn'sonei' ol 
free acid a hlack pri'cipitaio ()f lead sulphnh* is f)b1.lined on Insitni " 
the liipiid. 

7. Potassium and sodium hydroxides and also ammonia ino 
duee ivltUv i)r(ctptliih"i of lii/ilroxidr or hasin sails, w'hi<‘li are nt'^olnhU' 
in aanuoina, hn! dissolsf ni pofa.ssiani find .'^f>d/inn fi/{driKi tdr sola!ton-', 
with thv fonnalion nj tons of alLalt pluinhiU’, IM)(()Na).j, oi 
rh(OjI)(<)Na). Anmioma solution. fr<‘e fioni earbonaU's, does not 
immediately jirodui-e a pn'eipitate in solutions ol lead acetate. oVing 
to its forming soluble ba.sie haul ae,etate. 

Ihfdrofjvn pvioxidf, Jiypoc/t/onlrs, ainl pctsnlp/iafrs produce a 
preeipitati* of lead pvtoxidf in af/,ii/nic solulioii.s of lead salts 

8. Sodium carbotia/f in the cold a white precipitate ol 

neutral Imd carijonalo, and at boiling temperature one of sliglitl}* base' 
carbonate, winch is insoluble in potassium cyanide solution, but not 
quite insoluble in exee.ss of the jireeipitaiit. 

9. Hydrochloric acid and soluble chlorides tn’oduee in cm/- 

co7Ura(cd solutions a hoiivij white crifsudline precipitate of lead ehlondf, 
PbCl 2 , which IS soluble in a laiye vobnne oftvaler, especially on healnuf 
This is converted by ammonia into lead o\yehlond(\ SrbO.PbClgilg'b 
which is also a white powder, but is ipiite insolul/Ie in water. JjCad 
chloride is less soluble in dilute liydroehloric and mtiic acids than 
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SEC. 72 

in water, ft is more readily 8olul)lc in c(»ncentrated hydrochloric 

iu'id. 

10. Potd-^siion -Iodide j^ives a precipitate ol ijelloio lead lodidcy 
I’hlo, wlik'li IS soiiiewliat solubljj iu (“xcess o[ potassium iodide 
sollllloU. 

11. Sulphuric acid and sulphates produce a tvkile prccipifate of 
fend suIiiltaU\ 11 ) 80 . 1 , wliicli is nJinml vmilnhk iu w<dn and dilute 
acids. In the case of dilute solutions, especially siicli as contain 
iiiiicli free acid, the jirecipitation only t-ak('s ])Iace alter some time, 
often a eoiisiderahle time. It is advisable to add a. fairl,* lar^m 
(■\( t's,'. Ilf dilute sulpluiiic acid. 'I'his lou'e.ises the sensilivauH'ss of 
till' i<-acti(U\. sinie lead su!|iliate is inor(' insoluhl** in dilul(‘ su][iliurio 
.uid than in water Tlie best nn'lhod of separating small amounts 

• a t-.hl siilpiiate is to cvaiiiir.ite the solution as lar as possible, after 

I Ih- aihlilion ol the suipliuiie aeul (so as to eliminate tlie dislurhing 
indiiriicc ol \ol.i1iie adds, e i/ niliie, acid, upon tlu' lead sulpliate), 
.iihI till'll to ti'rat the residue wiUi water, nr belter (when tins is 
pri inissii'le). With -deoliol heail sulphate is somewhat soluble in 
uHKditiaii'd inliic nee/; boiliti;; eoiK'dil i at imI iiijdiocldonc aeid 
'li'''oIves it with some diliieiiifv. wliiNt. it dissolves linin’ ri’adily 
ill fiDtassiaiii liifdioiidc soliilioa. It also dissolvi’s laiilv easily iu 
the solutions ol some aniiminuim sails, notably lh<ise. of aiinnoniuin 
(Kitiih and aniNiniiiuiH huhtUc. espei lally on moderate beating, 
owina to the tormalion of a complex amou, from these solutions it 
i< ie-pie( ipilated by dilute suliihnrie. and. 

12 l^iUis.simii c/iioniatc proihu’es .i yellow precipitate of lead 
(Inn,mill’. I’bt'iOj. wiiK h is leaililv soluble iu potassiuiii and soilium 
ii\difl\ide solutions, but dissolves With dillieulty lu diluli’ nitric 
■" id. and is insoluble in ammonia solutaon 

l‘> An aei'lic acid solution ol h ha nn ifujldidhii iiodi pin mdiia'lhaiie 
"ni's with (mil pmin'idr (but Mot With lead salts) an intense liliK’ 

loloiation (Tiillat, (‘(Hnpl /ciid^ 136, I2lib, ilu'm Zinh.. ItKt}, 

II • UN) 'i’his is a vi'iy seiisit ive react ion Tim substance is ealeined, 
III'' ash oxidised with sodium h) p'leldonte and tieated with water, 
•"id the nitrate lieated and tested with the reagent. 

il. head eom])ounds, when mixed with SOdium carbonate m a 
killow on cliareoal and exposed to the reducing flame o£ the blow¬ 
pipe, readily yii'ld .soft, malleahle metal particles. Humiltaneously 
111 '* surfaee of the ehaieoal becomes coated witli a i/rflnw Jdm oj 
kad 'I'lio n'duetion may also b<‘ easily elfeete<l on charcoal 

■'lai.s (p. .g«). 
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15. '\'\HuEi}o.sit of nivlaUic lead obtainod, as described on p. 8b, 

,s lilack, cxtiMidin^ inlo a brown blni, tlu‘ o.iidc deposit is pale oclini 
y^cllow, the iodide deposit deep yi'Ilow to lenion-vdlow, whilst the 
mlphidr deposit ciian,i;<'s from l)»ownis]i-rcd to black, and is not 
removed by anmionium sulpludi! (Bunsen). 

lb. With re;.far<l to tlio niicroclnmical dctcvhoii of lead, ser 
Hanshofer, ]\hl,iosl.opi^t‘lie Beoliioiu H, p. 25 , Ibdirons-Kley, 
Mihrorheiiiischr Atiidifse, .‘)r<l ed , ji 01 ; Sclioorl, Zntscli. (diai 
Chem , 47, 211, 211, Tin, 715, 71b ; 48, (i(ib. 

Si:c. 75. 

Sunuiiii//f <ind lir/iunl>: on G/onp V. {iJiv /.). 

^(’Iie iimmbeis of tin' lii.st «li\jsjon of tin* liftb <;roiip are, dillVr- 
entiate<l ino.st disliinliy b\ nn'ans of llieir rliloiides. the dilleieiit 
behaviour of whicli towaids water and ainnioma solution enables 
tliem to b(‘ l)otb (b'tecied and sep.nated. Tlius. if tin' juenpitate 
containini; the tliiei' ( blondes is tia'ab'd with a somewhat laie(' 
amount of wats'r, or is washed rep('at('dly on tin' liltor with boiiine; 
wa,t('r, tin' h'ud clihjiide dissolves, whilst sil\('i (liloride and mei- 
curoiis chloride n'lnain uiniissoKa'd. 'I'ln' lead nui may then 
(‘asilv (b'iectcd by means of sulpliiirie arid in tlie a<jueous solution 
of lead cldonde On tlu'ii I real my llie silver < blonde and mercurous 
cliloridi' with ammonia, solulnm. tin* mcieiiioils ebloride is eonv<‘rted 
into tin* black jirccijiit-ate ((b'scnln'd more fully aliovc, S('e. 71, 
(*nd of (i), wliicb is insoluble iu exes'ss of ammonia solution, whilst 
tlio silver cliloiKb^ dissolves, and may bo re-pi(‘cipilated from tins 
ftolntioii by addiny nilrn’ acid ^ (In the ease* of small amounts it 
is advisable lirst of all to ('vaporate most, of tin* ammonia). If, 
bowevt'i’, the <dilorid(*s w'cre jua't ipilaled fioin a solution wliidi 
containi'd mm li im'reuious ioii ami only a little silver ion, the silver 
ebloi’ide cannot be completely (‘xtraett'd fiom them by means (d 
ammonia solution, and in [iri'si'iice ol a v('ry laryi' excess of mercurous 
ebbu-ide it is p(>ssil>b‘ lor tlu^ wdmle of tin' silver chloride io b»' 
rotaiin'd by tin' black mercury pr«'cipita(«' (.Mom-k-). When, 
tberi'fore, nnieb im'r« iir\ is pn'si'ut and no silver ion has been found 

* If tho load cliluiidi' tins yicv('\ti'a<'led watli hot water, b'd 
wilboiit dissolving tin' whole of it, the joninoinacid solulioii will ofton show •"i 
wlute turbidity U'f- 8ec. 72, U). In such cases tho lead oxyi hloridc may he 
filtcri'd olT, ami the sil\ct loii dctc<‘t<‘d in the iillralc. 

2 According to N. v /wciyla ipk, (his is dm to the fact that silver chloride lU 
aninuamical solution foi nm a m]\ er anmlgain with mercury. Tfenoo Zweigl>oig ’ 
roeoimnemis oxidatieu \<\ 'Chtcl'.s method (sec next paragrajih) or by means of 
sodium liypochloiite and nitiic acul {C/a »i. Zt ntr , IIUU, 1 ‘181t). 
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in Hltrotc, tlio jilad-w inorciny proi ipitiitc slioiild l)e i_i;nitod in a 
poirrlain oruriblr in a fnnu' cupboard, until tlic whole of the mercury 
lias volatilised, and the residue heated with a few crystals of oxalic- 
ai'id until they too liave volatilised, after Avhicii tln^ resiihie is treated 
vitli hot nilrii- aeiil. and tin* solution sliyhtlv diluted with water, 
and t(‘sted for silver ion with hydroi lihu’ic- acnl. 

K(»r the detection of silver in t he pr<‘sence of mercury, the chlorides 
iiiav also he treateil nith liromiin' watc'r, which dissolves the nu'i'- 
lUioiis chloride as a nu'rcuric compound, whilst the silver chlmidc 
lell (d'hhd, Chi'in. Zoitr , 1905. 1., lO.')) 

Kor the si'jiaiation of silver ion from lead ion, or for the detection 
(tf a small (|Uaiitity of silver ion in tin* pn'sence of such lead ion, 
the lollowiny; nielhods may he used : (n) A little nitric acid is added 
to the solution ami (hen a mixture iMpial parts of ammoiiici 
sohiliou and hydro^i'ii pi'ioxide. (o^(‘(ln‘r with some ammoiniim 
carhoriate Jaxnl ion then separates Iroin tin* amnuniiaeal liipiid 
a i'<*<ldisli-) t'llow preei])itate, eoiisislini^ oi a eom]n)un<l ol [leroxidi* 
aiui oxide, whilst silver i(*niams in solution tin (lltenny o(f the 
pici ipilate, aeidifvmo the lillrati* with mine aeul. and addiiiy a 
'ilile h\(,li o( Idol le aud. tlie sliver ton sepaiat<‘s as siKei (dihuade. 
(P danmmtli) (/p d'ln* solution eontainni,e; tin* h'ad a.nd silver 
JOIIS IS heated w it h a litt h* niti le ae-ld, treated w itli .1 slight <*X( ess of 
liotassmm ehiomati* or diehroinati*, ayain heat<*d. ami. afti'r the 
ad<ht]ou of an I'xeess (d dilnt<' ammonia solulion, once moie healed 
fo[ some time, and ldt('re<l b<*a<l ehromale w ill he Iclt on 1 he tilt(‘i\ 
whilst tin* ammoiuaeal liltrate will eonlam the silv<-r <-hiomat(*. 
On (in'll aeidilymy the liltrate with mtiic and and addiiiy a little 
li\diu( hlorie. acid, the .silver ion will he prei ipitated as silver 
chloude {Ih dannaseh ') 


iSrconil Dti'f.sioii 

OJ (hr Members of the Etflh (ti<mi> <f //('[uent occihh nee. 

Ions not precipilot'd Inj h/fdroclihn ic acid. 

Hec. 74. 

(a) Mercury (as Mercuric ion, llg ■)• 

1. Mc.rcanr. oxnle, HgO, is eUln'r l)ri).;ht r(*<l and <rystallino, 
liei'ominj; a dull yellowisli-red powder w'hcn rubbl'd, or, as pre- 

' loir further inoLliod.s of drlecting a small amount of eilvir ion in the 
I'rc.soiico ot much ion. sue Kiulu ig, Zntsih. mud. C7o m , 22, ll’S ; .loliUhtone, 
Oum. Zndr., I , 2‘»8. 
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cipitated from a holulionof mcTcunc nitrate or rhloride, is a yollow 
2 )o\v(ler. Morcuric oxklt^ is not absoluU'lv iiisoluhk' in watci 
exposed to simlij^lit it ^fradnally turns ^froy ; wlicu liealcd, it 
transitorily heroines <larker, amf is decoinpoM-d at a low iruition 
temperature into oxygen and na-reury. It is readily ihssolved }(\ 
liydroelilonc and ml vie aeids. 

2. Most of tlie nn rciinc -sails are eoloniii'ss \\ Inm I'^nited (lic\- 
volatilise, bein^ nu’anwlnle dei-ompused. with tin' exei'jition ol 
inereurio cldoruh! (eorrosive siibliniate), bnmiide, and umIkU*, wlmii 
arc not decomposed. M('reinie ehloridi' also vohitdises with tlir 
steam when its solution is boiled. The salts are very poisonous 
The neutral salts sohib[<‘ in wat(‘r reddi'u litnuis in eonsiMpieneo o| 
hydrolysis Mereurie nitrate and siil|iliati* are decomposi'd, wlieii 
treated witli a larjti'. amount ol wati'r, into soluble aeid salts and 
insoluble basic salts. 

;s. When hydrogen sulphide or ammonium sulphide is addul 

in very small proportion to solutions of mereurie .salts, and liie 
rupiid sliaken, an absolutely u'l/ih- lucnfulah- is obtained; a some¬ 
what larger addition l aaises the prei ipitati' to i)(^ /jrlliar, oi(iii(j<\ or 
brownfsh-red ; wlnlst an <'\eess of the n‘a<;eiit [)roduees an ahsalalA'i 
black prcc'ipUalc of nairaOc salpindr, JlyS This chanei' in the 
colour of the preei])itate, aecordiny to the ([uantity of hydro,L;eii 
sulphide added, ilistinyuishes the nu'n urie comjiounds from all other 
stdManeea. It depends upon the fact that a wJnlc doable cion pound 
of mercuric sulphide inth. uvdeeoaiposed mercuric so//, e <}. 2!lyS 
is lirst forineii, and that this ehanyi's into yellow and 
brown compounds ruber in suljiliide, aiul linally into pure siiljihide 
Only Iraces of mereurie siilpbide aia* dissolved by ammonium sulphide 
solulion, least lu'iii^ (lissolve<l when it is diyesti'd with hot yellow 
ammonium sulphidi'. potassium hydroxide and jiotassium < yamde 
solutions do not dissolve mercuru-. sulphide. Polassiiim. and stshum. 
sulphide solutituis dissolve it compblehf in the [)resenee of a little 
potassimu oi sodium hydroxide. (Distinction from silver, lead, 
bismuth, and copper ions.) Aniiuonium clilonde precipitates 
mercuric sidpliidc from its potassium or sodium sulphide solution 
Potassium thiocarhonate solution ^ dissolves mercuric sulphide 
(distinction from silver, load, hisiunth, copper, and cadmium ion.s)/- 
and it is re-j>rccipitated from its solution therein by carbon dioxide. 

* Seo *Sec. 5U, 13. 

* (’adimiuu .sulphiile ivtains a little iiiereinic sulphide i^jiilseh. annl 
Cftem., 26, 17). 
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(Dj^tinriion frotn ))alladium ion. Ivosotibladt.) In the absence of 
) lilundosiiiercm ic snljiliidcMS ro?n[)Ict<'Iy insoluldo iad?7M/6 nitric acid, 
(•von on boiliniL^ The loii^-coidiuucd action of liot concentrated 
mine acid converU it into the white coiupound, 21 !^S+Hg(N 03 ).j, 
jiiudly dissolves it as nitrate. 

I’oiK onl rated iiot hydrochloric acid dissolves it fairly easily, 
ihr (/old acid with more dilliculty ; it is ni.soluble, or nearly so. in 
r<-ld dilute liydrochloric. acid, but sliglitlv soluble in the boiling 
dilute acid. A(p>a /-nj/d or li\droi ldonc acid and potassium clilorato 
ii adiK dccom|)ose and dissolve mmi urie suipliidm if a s«ilutidn of a 
iii'-n uric- salt eonfains a large (n\c(‘ss of eoncentrated mineral acid, 
.( [iKM ipitate IS not |)rodiici“d liy liydrogen sul])]iide until the liipiid 
lia'^; hei'ii (lilul ed \\ li h water. 

Aiinnoinuid uddcd in the cold to hvdi’ijcldoric acid 

-•Hliitiniis of men uric- salts, produces a red preeiiutate (mercuric 
''ul|Jmchloridc). whdst on lu'atmg it gives a black- juiM-ipitatc 
(men 111 ic sul]thi<h‘) 

Aoiliiuii (hiosiilpjitilc ptodiiccs in a boiling slightly a<id solution 
a uliitc jiKM i|)itate. whuh (hangcs to orange and linally to Idaelc. 
.'tiy material excess ot acid inllmuices the icaclton. so tliat small 
amnuiit.s of jut'rciirjc. jtrecipitate may bo com|ilclelv masked by the 
M paiation of sulphur. 

1 Potassium and sodium hydroxides, wlien added in insHjjicicnt 

ijndtilifi/ to iieiltral or slightly acid solutions of mercuric, salts,^ 
liiodiiee a i( i/dish-hrov'H jui'c-ipitatc ; if added ni c-iccxs. a yeffow 
precipitate, d'he former is a basic salt and (lie yellow ]ircc.ipitatc 
ii‘iintnc oxidr. 'j'hc pna ipitati' is not soluble in cxei'ss <d the 
picdpitant In the case of very acid sahilion.^ then' is eitlu'i' no 
pi'eipilalion or <»nly a sliglitone,; in the piescnee of ammoiiiuin 
•‘‘■ills iieitlicr red-blown nor yellow j)re( ipitates are jiiodmed. but’ 
\'‘iille ones 'riiat, w^liieli is piec ipit.ited from lueieuiu- ehloiule 
s"hil!(»n in the presenee of exei-ss of amiuoni.i a]>pioxmiates in eoin- 
pc'ilion to tlic- preeipitate desc.ribed in b. 

Ammonia Jirodnces W'lute. pi'e< ip]|al«'s very siimlai- to those 
piodueed by [xitassium aiul sodiiuii liyJruxides m the piesence of 
•iiiiiiiojuum clilonde ; for exam[)le, it precijiitates (he so-called in- 
bisihh' white pieeipitate, mercuric ammonium chloride, (jNJl 2 )JigCI, 
loini merciirie ehlorhU; solution. If the solution of the nn'fcuric 
•‘‘uU (f)j)(aiMs inueii free aeid. no pieeipitate is produced hy ammonia. 

^ ^\ltll Hi(‘ e\(c]>lic)n of nicKuno c^iunde, wliicli forni.s ^^(^llll^k• coiiiplitx 
^‘11.-, < !/. [iJt^(CK) .t'lJK or K Jlg(CN) ,, 
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The whito pTocipitates <lo not dissolve in ammonia solution. ])nt arc 
readily soluMe in livdroclilonc aeid ( 0 / also 8<*c ‘U), 11) 

(i. Stannous chloride solution, when added m small proportim, 
to nu'rcuric cliloiidn solulion. or, in the ])rescn<‘0 of hvdrochhair, 
acid, to a solution of another mr'icuiK- salt, produces a precipitate of 
mercurous chloride, Snt'L—If^o(']o'l-^jdl4. If a laiuc 

amount of tlie r<‘a!;ent is ad<ied, tlie iiiereuroiis chloride first prc< ijH- 
tated is redii(*ed to nudallic inercuTy, 'l2d-Sn(n2- l| 

Hence the precipitate, whicli at first is wliite, hocomes .ijrey. and 
after ?>uhsidiny may lie made to coalesce into globules of naMcurv 
by hoilin^f it with liyflioehh»ri<^ a<-id and a little stannous chloride 
Ot'h(‘r redueituf \\i\c\\i^{}iho.sphorou<; ucolA hifpojdiosphorous ond, 
and hijdioiini pooiudt -) also (dTc( t a. s<-paratiou in the presrnic 
of (ddoriiK' ion of mercurous cliloriilc fnmr solutions of nuTiiiiK 
■salts. 

Ihjibo.i ijhiuii'iic chlondc and hifdriiziur sidphufe liheralc metalln 
niercurv from an annnoniacal solntioii of a niorcuri*^ salt which ll.l^ 
lieeii treated with tartaric acid.'^ 

7. Potassium iodide precipitat('s red ninruric iodide, wlm li 
dissolves in excess of the, precipitant as merciuic potassium iodide 
111 the pre.sence of jiotassiiim hydroxide, ammonia pioduci's a yellow 
prc.cipitato in this solution {ef Sec. .”>0, lo) Khan, and also Deniyes 
and j\loor(‘, recommend this reaction for tlic detection of small 
amounts of mercury {Zettsch. anal, (dteut-., 29, 18(). and ('hem. Ze/I . 
20; 71): ( 'hem. Zeii/r , 1911, 11., '.)89). 

8 Mereutie suits Ixdiave tow'ards dipheiiyle.arbazidc in the .same 

way as menairous salts. 

9. jMetals which are more clecirojwsilive than m<a'( ury (<'8pper. 
zme. iron, aluminium) liberate from solutions of mereiiiic salts (as 
also from those of menairous .salts) metallic mercury, which, when 
the quantity is in any way considerahle, may be easily idciitiiied 
upon copper, as described in Sc<‘ 71, 8. 

hi this process olumtuiiim forms an aanalyam, which on oxposiin- 
to the air, becomes oxidi.sed, with the formation of alumina, 'the 
mercury amalgamates with more aluminium, and so causes I tie 
formation of more alnmiiui, wdiicli tlius, as it were, develops from 
the aliiniiniuni. 'this is a very sensitive reaction, wliich is also eiveti 
by metallic mercury. 

* (’ V. Uslar, ZritM-Ji. aval. Chem., 34, 301. 

“ \,mitio and Tit'ul)eit. tier., 30, 20U| ; 31, 120. 

^ /hat., 31, 2.377 : 37, 22)0 
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This metliod of separating mercury ])y the use of fitiely divided metal 
(hraiw wool, etc.) in also particidarly ap|)licablo to th(^ detection of minute 
•liiantitica of mercury, especially m the e.xamiiiation of urine (winch mast 
he rendered slightly acid) and in toxicological cases. Instead of this method 
electrolytic separation may also h<‘ used, a enrrent d(*nve<l from an outside 
source being condiuded into the Inpiid, oi' a small climient being formed 
wliich produces the current in tlio lupinl it.self. 'This clem(*nt mav be 
composed, of platinum foil and tin foil, the ends of winch outside tin* 
Injutd arc* in conta<-t, whilst the fice ends an* imnnnscd in tfie liquid winch 
IS to be tested for mercury. Whatever method is used, the metal upon 
uhich the mereury has heisi deposited is eandiilly washeil witU w’ater 
(also with alcohol and ether in tlu* alisenee of organic substances), thim 
diii'd by means of iiltc'r ])aj>er, and Ihially lieatiMl m a ch'an dry tube, a 
])oition of which has been ilrawn out into a capillary tube. In this way 
siihliniatcs <»f merem’v ar(‘ ohtiiiin-d. which, if vci\' minute so that Ihcv 
(.iiinot easily ))c .socn, may lx* idcntilifxl more ccitainlv hy conversion 
mill loilidc (See 71, 12). (h'oi' details of tiic inclhod. rcfcrciKM* mav he 
inado to the gcnrcal iinh'v ot (lie /jol'nfi until, (’lit in ) It. tksmI only he 
iiu-utioncd hmv that in the ease of turbid ui me the mercury may he present 
in the deposit (with jnccipitated albumin), and that tin' ti'st must bo 
applied, tluna-fore, tea the uulilleivd urme. 

Tor liie j)r(H‘i|>itaiu>n of very small quantities of mercury hy a method 
hased upon another principle, sec Raa-schou, Zeifvc/i. aual. (Jhria., 49, 172 

IR. Solid im‘rcnric. compounds Ix'liavo lihi' mercurous conijioiinda 
when mixiMl with dry ,stidiuiih rtiilxuidfr and lu'ated in a glass tube, 
(Sec. 71, 12). 

11 When subslaiice.s (*ontaining mercury are heated with 
(il/i'ih Jonnti(<\ jivdrogmi containing mercury vapour is produccil. 
When this is ignited and the llanu' ilireetiMl against an nnglazed 
porceliiin plate, a fiiaek stain of mereury is formed (\’^ournasos, 

Rend., 150,^122). This is a very sensitive reaidion. In the 
presence of nitrates violent (‘xplosions may occur. 

12 For the w(( rociH'iiiK td di'lcddm of mercuric, compounds, 
see Jfaushofer, MRedltionfn. ]>. 112, Ihdirens-KIey, 
■^hkrochcimsi'hc An<(hfx<\ ‘>rd imI,, ]>. 118; Schoorl, Zi'ilsih. unal. 
C7m m , 47, 218, 221 ; Kmich. Ibid., 54. o(M). 


Sko. 75. 

(b) Copper, (hi, bdoT. 

f Copper is niano- and dindnit. ,\T<‘taIlic (a)ppor has a eharaeter- 
I'Jlic red colour and pronounced lustre, ami is moderately liard, and 
'liictilo; its specilii; gravity is 8‘IM. It melts with some ditiic,ulty 

11 ) 
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at 1084 '^ ; iii tJie air (owing to absorption of oxygen) at 1065 ° ; on 
contaet witli air and water it }>ccoiues coated with green })asir 
carbonab*. and on ignition in the air, with cuprous and oii[)ric oxides 
Copj)er is i!jftolni»!e, or lU'arlv so, in even ])oihng hydrochloric and 
dilute suljdiuric acids in tlu‘ nl)sen<-e of air, l)ut dissolves readilv 
in nitric, acid, with the formation of nitric oxide, 3(hi+8UN()j 
—3Cn{N();[)2 |-2N()-[ ('oin entruO‘d suiplmrh^ acid dissolves 

copper as cupric sulphate, with the evolution of suljdmr dioxide. 

2. (’nprous ora/c, CuoO, is red, the so-called cuprous hydroxi<!f 
yellow*; t both are coiivmted into euprie oxid(‘ wlien ignited in 
the air. 'I’he cuprous ludogimides are sparingly st)lulile a.nd stable, 
the n‘st of the cuprous salts arc unstable On treating cuprous 
oxide with dilut<‘ sulphuric acid, metallic copper s(‘parat«‘s. whilst 
cupric suljihatc <lissolvcs ; when treated with hvdrochlonc aeni, 
cuprous oxhle yi(‘lds wliite ciipious chlonde, winch dissolves m an 
exi^ess of the acid, but is re precipitated from this solution by the 
adilitionof water (’n[)rousc)ilorid<' isalso solubh* in alkali chloin]<‘ 
solution. <'u[U()Us oxidi* and tlic corresponding cuproiis salts an* 
soluble ill ammonia solution 

3 . Oupne 0.1 idr (copjier oxide). (hiO, is a bhn k powder, whn li 
can be lieatcd to redness without decomposition When stronglv 
ignited, however, it loses oxygen and is ]taTtially converted into 
cujirous oxide. (Vpric I/jfdr(>iid<\ ('u{()JI) 2 . is light Idiie. Tloth 
oxide and hydroxide are leadilv solul>le in hv<lruehloric, sulpliunc. 
and nitric acids. 

4. Of the neutral cupric .vuZ/.v many arc .soluble in watf'r, and 
these reddmi litmus, owing to liydrolysis 'The cupric salts of sudatile 
acids ari' dccomposisl wlimi gently igniti'd, witli the cxcopWon ol 
coj)])er siiljdiato (blue vitricd), which can resist a smncwliat higln'r 
tein])erature. Most of the cupric salts arc colourh'ss in the nnhvdnuis 
condition, lull blue or greiui wlieii hydrated. 'I'lieir solutions are 
also usually blue, evmi when considorablv diluted. Cupric chlornle 
in concentrated solution or in presence of excess of bydrochloric 
acid is green (the undissociated chloride is green, the cii])ri(^ ion 
blue). 

5 . Hydrogen sulphide and ammonium sulphide prodme m 

alkaline, neutral, a)ul acul solutions a hroinash-black prectpilalc oj 
cupric sulphide, CuS (usually mixed with cu))rous sulphide and 
Ruljihur). Tliis jirecipitate docs not dis.'^olvc either in dihde. acids. 

* Tiio ('Mstonco of IV tiiu‘ liy<troM<li' is doiilitful. Crrsumably the yellow 
substance is hydraUsI ei lloidal i-iipnms oM(b‘. 
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(nr in iicidifipil alkali chloridft solutions—distinction from cadmium, 
I ii'Iitnau ^), oi‘ in olkoH hytltoxidi'n, Solutions of potihssiuni- or 
■.mlnmi sid}tlndi\ free from |>olysui])liide.s, dissolve sidphur, Imt dis- 
nilvo little, if any, cupiic nnl.p/nde,‘cvm on heatiiifi; ; the prcci[iitate 
j.s a[)j'r<‘cial)ly soluble, however, in yellow potassium or sodium 
aiilpinde solution (eontaininy polysulphides) even in the cohl 
(\ llossing, /icHsth. <tn(d. C/irin , 41, 1). In (tniinoniuin sniphidx 

Ill ton, however, cupric sulphide is somewhat more soluble, 
(.■.pecially when the ammonium suljdnde is very yellow and i.'j used 
lull . hence this rcapciit is not iro/l stnioo. for the separation of eujiric 
Milpliiile from the sul]>hidi's of (.Iniup \'l. Cujiric sulphide is rniidili/ 
(Iruiinposed and disso/a il by boding nth to iicid. but not by boding 
dilute sulphiiiic acid. Po/assittnt oytinido solnhon dissolves freshly 
|,i( i i|iilaled iii|iric sulpliiilc readily and completely. If a copper 
.^nliition coiitams an excess of a com (Mil rail'll mineral acid, no 
jitei ipitate IS obtaineil until alter diluting the lii[uid with water. 
I',III of the cipiric sidjihide sejiaiates in colloidal form from a neutral 
sniiiiioii, so that it. cannot easily be liltercd. 'I'he addition of acid 
I.IIIM'S it to iloeeidatc .1 ininontum l/iioiiixhite [iroduces a partial 
]iM i'i|iitat]on of 1 upric sulphide m cold acid solutions of cujirie salts, 
mid (iiiii|ilete jirccipl1.ition m hot solutions. Soiliiiin IliiosidplinU 
deioloii.ses neutral or acid solutions of cupric salts, and gives a 
ledili^lidiroun prei ipitate (siibseipieiit ly becoming black') of cuprous 
.'iiljiliide nii.xed wdli sidpliiir (Distinction fiom cadiiiitim ion ) 

ti. Ari'h/li'tif |iiecipitales reddish-brown lloceident ciipioii.v aecly- 
li'h'. t _,( Uu IDt), from aiiimoniacal or taitaric acid solutions of 
io|.jiei salts which have been reduced with hydro.xi'taiiiine (and 
lliii.s ifliitaiii ciijiroiis ion). This affords a means of sejiaratiiig 
loiipci ion from many other metal ions (II. hirdniann and .Makowka, 
'/ntt-th niiiil Chl’m., 46, 128). The acetylene must be used m the 
I'linlicd lorn, ,,,3 gas after washin.g with lead acetate solution, or in 
•I'lueous .solution prejiared from the jiurilicd gas. Waegner {Znisch. 
Until I /icm., 44. .bt;.")) recommends the use of a solution of acetylene 
III .actoiie. Jl. (f. Sodeibaiim [I/tid., btil) recommends piecipitation 
III I ojijier 1011 froiii „„ unreduced solution by means of acetylene gas, 
II' a means of separating it from many other metals. In this method 
'ii|iiie acelyliile is jirecijiitated. 

I- Potassium or sodium hydroxide jiioduces a rofio/iiimH.s-%/,/, 

hl'in pit cij), till,, of cupric hydroxide, C'ldOlI)^. When left m contact 
mill e\'|.,.Ks ,d the precijiitaiit, this loses its water coni|detely (more 
^ ZiUsch. anal. Chem.^ 34, 308. 
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rapidly on heating'), and changes into blue-black cupric oxide. When 
a large cxcm of a coinicntratod solution of potassium or sodimn 
hydroxide is present, the light blue cupric hydroxide dissolves, 
forming a blue sohition (or colloidal suspension). 

8. Sodium or potassium carbonate prodm es in solutions of 
cupric salts greeiiish-bluo ]>roci[)itatcs of basic carbonates of varying 
composition, whi(di on standing in contact with excess of the ]m'- 
(upitant change into the crystalline salt 3 Cu€ 03 . 3 Cu( 0 II) 2 JTi*(). 
These precipitates dissolve in ammonia solution to form an azure 
blue solution, but give »a colourless solution with ]>otassium cyanide. 
When hoilod, they lose carbon dioxide and become brownish-black. 

Notes to 7 and 8.- -Tlic preseiu'C of ammonium salts ])revents or 
alTccts the ])r(‘cipitalion hy the liydroxides or carbonates of potassium 
or sodium {se(‘ \)). Copper forms eomplex anions with many organic 
substances, so that the precipitation by sodium hydroxide or car¬ 
bonate is prevented. Thus, in the jireseuce of tartaric acid and 
other non-volatile organic acids, deep bine solutions but no ])recipitat(‘s 
are obtained. In the presence of sugar and similar substances, 
alkali hydroxides produce precipitates wltich dissolve in excess ol 
the prccij>itant; tlie alkali carbonates, however, give permanent 
precipitates. 

9. Ammonia, when added rn, venj small jiroportion to a solutnui 
of a neutral cojiper salt, })ro(Uices n f/reemsh-hlue precipitate ofeapite 
hydroxide, or a basic, (aipric salt.; on addinij nwre ammonia solaiwc. 
this 2 ^f'ccipitaf(' dissolves casil// ami completely to form an azuie blue 
liquid. This <lej>oiuls u]H)n the fact that com])lex cupric ammonia 
cations of varying composition, (hi'(NJf 3 )„, are formed, the 
hydroxides or salts of which are soluble in water. 

If ammonium salts or free acids are present, no jirccipilailoit, 
even a transitory one, will be ju'oduced by ammonia, but the solutmn 
will immediately become dark Idue. 

The blue colour of the solution is still visible after very grcai 
dilution, so that it alTords a means of detecting minute ([uantitie^ 
of (“upric ion. 

Potassium or sodium hydroxide produces a j>rccipitatc of bhif 
cupric hydroxide in su(h blue solution after a considerable tiini* u 
the cold, but on boiling the liipiid for some time the whole of ih< 
copper is precipitated as brownish-black cupric oxide. 

Ammonium carbonate behaves towards solutions of cupri 
salts in the same way as ammonia. 

Very small (quantit ies of cupric ions do not give the blue coloratio 
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with tirtimiinia in excess, hnt on shaUinf' tlie solution with a few 
drops of pliciwl solution a blue coloration will be produced after 
.-tutidini' for some time (l.b minutes to 1 hour) (Jaworow.ski, Chem. 
Zentr , 18',to, 1., 770).' 

10. Potassium ferrocyanide Itroduee.s a reddisk-hmen prccipituU; 
nf cuprk ferrocyanide, Cu2l'’e(('N)u, in moderately dilute solutions, 
hut only a red coloration in very dilute solutions. The precijiitate 
is in.soluble in dilute acids, but is decomposed by potassium or 
sodium hydroxide. 

11. Potassium thiocyanate ju-oduces a black piccipttate of 
cup/ ielhioeynnate m .solutions of ciijinc salts, (ht +2(-'NS' d'u(('Nfs)2; 
for examiile, CU8O4 | 2K('lN'iS-dlu(('NiS).2d-l\uS04. The precipitate 
IS not ((iiile insoluble, so that complete [irecipitatioii of the copper 
dues not take place. In somewhat dilute or acid solutions there is 
fri'i|iieiitly only a dark coloration, (hi addiiiy {pnfe/al/ly hefare the, 
itdd/lian if pofauuia/n, ikioc/janate) a /edutim] ayent suck i/.s siijpknr 
iliii/ide, xad/am /siilpjiilc and ki/dioe/ilortc acid, or a i.idl if hydro- 
lylainine or of /i//drazin(\~ Ike roppei i.s piecipitatid an /'edd/nli-iekitc 
hi iiiiih' enp/ous Ikioci/aiiale. which is almost completcl\ insoliililo 
ill water and dilute acids : 

2(hi - I 2 <!NS'-]oS ()2 I L'JIJ) 2UuCNS+'lll--l «0"4 
for example 

2(’uS()4-fSU^ i 2 Iv(:NS+ 211.(> --2(‘u(;xs i K.S().I-1 

Iw Pofus.snwi iodide pmupilatoH white cuprous iothdti, (.hi2[2, 
uhilst^iodino. is also liberated, so that the ])recipitate appears green 
to reddish-yellow. On adding a r<‘dueing agent (sulpliur dioxide, 

* I'or tlio tlotoction of very small (pmntitufs of copjxir, Wildciistoin, Zdisch. 
Chem ; Jiolliimy, lbi<L, 9, 3.S2 ; Bradley, Chon Zuilr., 1U0(), JT., 

recommoml h.imatoxylin ; Schaer, ZeiCrJi. uruil. Chon, 9, 100; 
•^ehtinn, Ibul.y 9, 210; Purgotti, /tat/, 18, 17<', recomintaids giiaiacnm liucturo 
-eitj I'niasian blue ; Voa Knoire, Ibid., 28, 2:11, a-iiddoso-/?-ti.i])hthol; Baudisch 
•nitl Udthschild, Ibr., 48, 1000, o-nit,rosonaj)hth<)l ; A. Bach, (Jhon. Zcnlr.y 
J , ftu tnaUloximo; Didcpmo, Ibul.y PK)IS, 11., 201, dialkvdldoHalplio- 
<‘iiliatmc acid ; Lyle, I’lirtnian, and Marshall, Ibvl.y lOlo, 11., 0:12, a-aniiiio-n- 
< a])r())c acid ; K. Ulcnhuth, Ihul., 1010, 11., 914 ; also MalatesLa and l)i Nola. 

''a » 1011, 1 , 820, 1.2-(liamino-arithrat|ui;ionc-3-sulphonic aeul; Mayer and 
‘ ' lirainm, ZtxUch. anal. Chon., 56, 120, sodium hydrogen carboiuito and 
^i><Irogon peroxide; K Kncohl. Ikr.y 41, 408, titanium ac8quisuli)hato; 

' bhandor, Chem. Zentr.y 1005, I., 207, calls attention to the fact that buana and 
oigmonts of jjotatooa can absorb copper from very dilute solutions, whilst 
- 'crt, ZoUch. anal. Chem., 49, 47, show.s that this is also tho case with cotton* 
"ool. 

' baits of hydrazine and hydroxylanune give, in the prcs.cnc<f of alkali, a 
Oreupitate of cuprous oxide (Kiioe\cnagcl and Ebler, Ber.y 35, 3000. 
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sodium sulpiiit(!. f(‘rrous sulphato, phonylhydraziue) no free iodini' 
is oidained, but. only tho wliitc procipitato of cuprous iodide. 

In the case of v<‘ry dilute solutions a yellow coloration is slili 
percej)tible on the addition of potassium iodide (Thoms, Fharm. 
ZcMralfKillv, 31, 30). 

13. hromidf. noJnlion, when treateil with concentrated 

sulpliuric acid, on to which a small quantity of a solution of a cupne 
Balt is then poured, at first jirodmas a i)Iuish-r(*d zone at the point 
of eorvtact. On shakinj^ the liquid, t he colour of the whole solutinn 
beiauues rod. (In the jiresence of any considi^rable amount of cupne 
ion a black preci])itate is |>roduced by tin; pot.assium bromide and 
concentrated sulphuric aei<].) 'The red (adoration (lisap|i(‘ars on tin- 
addition of water. This n'aciion is ver\ sensitive, and enabh's ( iipnc 
ion to be detected in tin' presence of (he salts of other metals (Deniifcs). 
Stannous chloride or bromide inhibit the react ion bv causinjj^ reduc¬ 
tion of the cu]>ric ion to cuprous ion (Viard, rend., 135, IbS, 

212 ; Chem. Zenfr,, llHt2, 11., fddi, ()30) Accordiuf:; lo Saltat icr, tlio 
coloration is due to a (;ompound Cii Ib^.i! Hr 211J b On adding 
sulphur dioxide solution in not too ^reat |.)roj)ortion to tin* dark 
bluish-red li([uid a pi'eci}utate of white miprous bromide is 
obtained.^ 

14. Diph(yni}karl)<r.uic in aleoliolic sedution (1 : 1(H)) producs 
an intense vioh't coloration in ncntral or only slij^litly acid .solutions 
This is a very simsitivc reaction ((_'azcncuv(“. Zeil.sch. mud. ('/ana, 
41, 5G8). 

15. On sluikin;T a neutral or slightly acid solution of a eiipiic 
salt with a petroleum spirit solution of naphtheme acids, thtj hiM-r 
of petroleum sjiirit is coloured given This js a very .sensit nc 
reaction (C'liaritsehkoff, (Aieni. Z/cit , 34, 479 ; and Vhem. Zenh . 
1909, J., 1947 ; and 1910, T.. 203(;; cf. also ZOtscL anal. Chem. 58, 
127). 

1(). lii/jiop/iosjdtorous acul produces in solutions of cupric salt.s 
in the cidd a yidlow jirivipitate of cuprous hydride, (hiH, which, on 
heating, is diH'onqioscd into its constituents. 1 fence, from a boilimj 
solution the reagent precipitates (;oppcr directly. (Distinction from 
zinc and cadmium ions. h\ Mawiow and W. Muthmann, Zcifsr/c 
anorq. Chem , 11 , 208.) 

17. 07:ahc. acid gives a bluish-white precipitate- of cupric, oxulaU' 
with neutral or sliglitly acid solutions of cupric salts. The boiling 

* C'onocntrated hydrobromin acid acts in the saniu way as potasaiuin bromnic 
and sulphuric acid (Kndcinann and Prechazka, Zcitsch, ami. Chem., 21, 266). 
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solution livatnd with a niodoralo f‘x<-oss of solid oxaii(! acid. 
(Distinction fi’oju cadiuiuin ion.) 

IS. Metallic iron, when Jwowjht mio contact wilh i^olutions of 
ni^wic sails, l>cco7)n‘s caalal wilft. a rcddisit. dcimit of naiallic coitpcr, 
almost instantaneously if the solution is concentrated, and after a 
l onsideralile time if it is very dilute. The presence of a little free 
acid |>roniot(‘s the reaction, whiidi, however, may he masked hy the 
prt.sence of maii\ otlu'r metals wliiidi are also j)reei[>itati*,d by iron. 
Coppei i.s also precipitated as, ii red deposit upon oilier mor<‘/‘leetro- 
jiositivo metals, c /.me In likt‘ manner, eopper mav he electro- 
i\tiea!Iy deposited Upon a eathod»\ 

A simpl(‘ device foi- tins [mipos(‘ may be mad«- l)y bimliim to<ri*tljer 
a slii|» ot |tlalinunt foil and a ship of /me or tin foil at Ihrir upper ends, 
Milrrxlucing a sertion ol coik and hmdiiu' them also at this |)la(<‘. 'IMio 
-'liips are aviaiiavd almost paiallel to (^ach other, and are introduced into 
the she[it|\- aeidilhsl co}»p<‘r s<»luti<in m such a was' tliat tlie unliouud 
portion IS nol imnuTsed ’[’he eopjiet is then d<‘posited (m the eas<5 of very 
ilihile solutions not nntil after aliout tsselsa* Imiiis) mainly ujion the 
pl.ilinuiii. till' sin fare ol whu h becomes eoppei-icsl to black ’L'h(‘ advan- 
tacc of this deposition of eopper iiptm llu“ plalinnm is that the copper may 
Ix' iea<lil\ (lissols ed in mli ic ai id and inrlhi'i ti'sls ajiplieii to tli(‘. holution. 
In.r (his ])iirpose lli(“ h(|nid is esapoiatc'd almost to di^nt'ss, a few <h'ops of 
w.iter aihleil. and tlu'ii a, diop ol l)otas^ulm ferroeyanul<“ solutKin. 'rraccs 
of co))|)er depnsilcxi on non oi jilatnmm may bo ideiititied by moistenmi; 
them with hsdioehloiie aenl and testing them as m 21. Sah t leeommends 
lliat the livilHiehlorie aeul shoiilil in* applied by immersiiic m it a ImukIIc 
of line [)hitmuin wiics, an«l li('atin^ this m a tlaim* hemaitli the non lod or 
platiiinm sttip This maliilallv in< ieases the seiisitiveni'ss of thi' r«-a<-1 mn. 

• 

19 Willi reyard to the deleiliou ol ciipn<- ion. even in tlie 
pH'seiHe of other entions, by means of its id>s<aptton spcclnun m the 
juesciiee ol (ilka)iti linda/r, sm; Tormaneek, Zoisclt. anal, i'hcin., 
39. 119, l;^I. d -svtj 

2h On mixni;^ copper compounds with SOdium carbonate in a 
liollow' on (duu'eoal and exposin;; tlie mixture to the inner blowpipe 
flame, mdallic copjicr is obtaineil without a simult.menus deposit 
of oxide ; the naiction also takes place very well on charcoal sltcks' 
([' The ri'duoed copfu'r may beat be. recognised by orlndin^ 

the mass, including the siuToundino; portions of chare.oai, wit h water 
ni a small mortar, and washing away the e.hareoal jmwder. The 
' opper-red particle.s of metal are then left m the residue. 

21. If copjier, au alloy containing cojiper, a trace of a cojipcr 
^alt. or a looj) of platinum wire, wliich has been dijiped into even a 
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very dilute solution of u ('ojijier salt, is introdueed into the fusion 
area of a gas flame, or into the inner Idowjiipe flanie, a fine einorald- 
green coioration is iinjiartcd to tlic upper or outer Hanio. TIm' 
addition of hydrocl/lonc acid to the sulistance or solution intensifies 
tlie delicacy of this extremely sensitive reaction The (lame then 
appears azure blue on the exlcrior. Situ c* th(‘ colour of the flainc 
varies somewhat a<-cor<ling to th<‘ conditions or the nature of tin- 
anion jiresimt, the spectroscopic appearance is also sonu^wliat variahh' 

22. ^Alkali phosphate and borax dissolvi* c-oppm- readily in till' 
outer gas tlame. 'riic beads appear <//cca while hof and hhic iuhrn 
cold. Jn the inner flame, if llie amount of copper is not too great, 
they ap])ear colourless, and become; led and ojXKjiic on coohnij. In 
the lower reducing area of the Ibinsi'ii llainc the heads readily become 
reddish-brown on the addition of a little hn o.nde, owing to tlu' forma¬ 
tion of cnp/<n/.v o.r/c/c, but do not by lli<‘mselv<*s sliow this coloration. 
If the bea<ls are luouglit alternaii'ly into the lower oxulising and 
reducing area they Immoiuc rubv’-red and transjiarc.nt. 

22. Kor the iniioorhcntaal (Ideclnin ol copper ion, see llausholer, 
Afikroxhopise/w. RritUiu/icn. p. S 7 ; Ih'lirens-Klev, Milrorknnisc/w 
Anahj'<e, 2rd ed., p. <».'>; Schooil, /a'/IscIi anal, i'hnn.. 47, 7ln. 
Pozzi-Escot, ('hem. Zenlr., ItHMI, 1 , and 1!H)7, II., 181. 


Sk('. 7(J. 

(c) Bismuth, Hi, 208 0 . 

1. Bismulh is (nralent. Metallic bismutli resembles tin wilh 
a reddish tint; it has a moderate lustre, is fairly hard and byttle 
and lias a specilic gravity of ‘.>■78. It does not cliange in the air at 
the ordinary temjiorature, nu'lts at 2(>0 ’. and when fused on charcoal 
forms a deposit of yellow oxide, it is readily soluhle in nitrii; acid, 
hardly soluble in hvdroclilorie. acid, and insoluble in dilute sulphuric 
acid, (^omamtratial sulphuric, acid converts it into bismuth sulphate, 
with the liberation of sulphur dioxide. 

2. Bi.^mvth onV/c, H 12 O 3 , is a yellow ])owder, which transitorily 
liecomes dark yellow when heated, and melts at a ri'd heat. Bmmiifh. 
hydroxide, Hi(()JI);{, is white ; hisnmt.hvl liydroxide. Hit).OH. is white 
or yellow (see b). 2 'he oxide and hydroxides are readily soluhle in 
hydrochloric, sulpliuiie, and nitrie acids. When fused with potassium 
cyanide they yield the metal. (Other eomjiounds of bismuth and 
oxygen are also known, some containing less oxygen, which, according 
to some authorities, aic mixtures of lusiuuth and bismuth oxide, and 
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ntliPFvS with more oxygen, hut tl\c nature of tlio«e has not yet been 
ilr}init»‘lv determined. They are all converted into oxide wlieii 
l,.‘ale<l in the air, and into nitrate when }ieate<l wdth nitric acid ) 

Bismuth forms iwo serial of viz. the normal salts of 

tlie trivalent liismuth i(ni, \Vv'\ and th(‘ salt of the monovalent 
liismuthvl ion, jhO'. Nearly all the itismulli salts are non-volatile ; 
tlie salts of volatile acids are (hM-onijiosed on ignition; bismuth 
(lil()nd(\ Bi(Tj, is volatile at a modi'rate lieat 'I'he hismutb salts 
an; coloiirh'ss or white, oxi<‘|)t when tlie anmn causes tlimn^to be 
(oloured 801111 * of tlie salts of bismuth ion, Bi" , are msolnide in 
water, otln'is are soluhle m a little waiter, d’he latter, owing to the 
»'\tretm*lv weak basics character of the Bi ion, niulergo hydrolysis 
1 <) a pronouni'cd extx'ut, as do also the salts of tin* BiO ion ; their 
‘volutions redden hi mils Tlicv are (leconi|M)scd b\ any Considerable 
amount of water into blsmut]l^•l salts, which subside as white 
prcri|titat(‘s, ami frci* a<*id, winch tiien checks the liydrolysis of the 
iciiiamder of tin* bismuth s.ilt , in the presema* of a large amount of 
uati'r. eoiiijilelo piecijutation lakes placi*: lb' | lloD - Bi()'-|-^lf'- 
I'lidcr certain eonditions, still more basic compounds are formed, 
' V (lht)).^((tJl){X().() Acid di.ssolvcs the precipitates thus formed; 
" 1 , it added lielorehand, prevents their formation. 

In the ea.se ot bismuth cltlond*' tint separation as bismuthyl 
eoinpoiiml t-akes place particularly readily, so tliat, for I'xamjilc, 
liMiintli nitrate solutions, which (aintaiu so tuucli free acid t hat they 
minain clear, may give a precipitate of bismutliyl chhiride, on tho 
ii'ldition of a cliloride, or ev<‘n of hydrochloric acid 7V('/.v pro- 
npUn^on of o }>ismuth>jl sail hi/ -aa’ans of irahr is a parliralarhj 
chaiactcnstic rcaclion ofbisimiih loa. 

1 Hydrogen sulphide and ammonium sulphide produce in 
iK’ufrai and deal solalioas a Uark pmapilolc <f bismuth suiphide, 
bnS.j, m.solubh* in dilute* acids and alkali and jmtassimn cyanide 
’'"hitions. It is readily decomposed and dissolve<l b\ boiling nitric 
a' l'l. Jbsmuth solnlious, wliieli contain a very consielerable <*xces 3 

hvdrocJiloric acid or nitric acid, only give a ]irc( ipitate with 
li\«lrogen sulphide aft(‘r dilution w'ith water Bismuth sulpliide 
I'lecipitated from acid solution is insolulih* in alkali su![)hidi‘. solu- 
Imns; but that precipitati'd liy means of ulkuli sulphide, or from 
aa ulhdvue. solution.'\‘s. soluble to a considera]»le extent in (excess of 
potassium or sodium sulphide solution. 

Ammomuni thiourdule proeluces a pri'i ipitate of hi.smutli sulphide 
"1 acid solutions of bismutli salts, partially in the cohi and 
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com|>let(‘]y on lH*atin^^ ^odium ihio^ndphale. when adtled to a not too 
acid solution of a Ijisinutli salt, produces tirst a yellow coloration 
and then a preci|)itate of ])jsnmth snlpliide: 

2Br ■ [ 1 (Ui' | 380^4 

for exani|ilc 

2Bi(N<>.,);r! dNa.SJ)..t 1 3JL()=r |ii,S 3 + 0 NaN <)3 f3il„S()j 
3. Potassium and sodium hydroxides and also ammonia pn 
cipit;i,J,e ////d/vun/c (nnxccl v^ilh l>asi<- or bisnmthyl salt), 'riic Ihs- 
nuith hydroxide is soniewhat soluble in eoncentrated solutions of 
potassiuni and sodimn hydroxide, especially on lioatinj^. but (Ih* 
precipitation fioiu a dilute solution is complete in the cold. II (la- 
])r(‘cipitation has been made, by means of a fairly eoneentratc'd solu¬ 
tion of potassium or sodium liydroxulo, tin' ]>recipitate will Imm-oiiio 
yellow on standing, and more rapidlv if heated m tin* liijind fonii 
winch it was pn'eijnl.atcd Tin' ijellow colonifion is j>roduced wifli 
mtst. a'rtuivfif after the addition of a litth' Itifdroijett petondc or 
cldoniw water. Acionlinj; to Ku])|), howevi'i, the yellow sulistaiuc 
is not bismuth pi'roxub'. since it does not liberate iodine, but otilv 
HiO.OJI {Zeilscli: atiaj. (dtein , 42, 732). TIanus and Kallainui 
{ZeilscM. aiiorff ('lieni^ , 70, 232 , fVeoa Zealr , Ibll, f., 1342) tia\'' 
found tliat ammoniacad bydrouen peroxide or alkaline sodium 
])croxide produces yellow jireeipitali's in tin* cold and brown pie- 
cipitates on heatinji, which liberate iodine from an acid solut ion el 
potassiuni iodide.^ 

r>. Sodium carbonate and ammonium carbonate preci[)iiat)' 

basic bi'Oiiuth eail>(>n<(le of variable eom]>osition. e y bisu^mtlivl 
carbonate, (Bit))J’().j, in tlie form of a volnnunous white jirocipil.de 
insolulile in (‘xcess of the precipitant and in potassium cyanide 
solution. Jlcat promotes the precipitation 

7. Potassium iodide produces in a coiK-entrated sulliciently 
acid solution a, hlaek preoydafe of bisnnd/i iodide. Ibfj, which dis¬ 
solves as oraiKje-cobofred polas.^mni hisw.Hfh iodide in euw-is of piilas' 
Slum iodide solnlion. Mou' diluti' and less acid solutions yield an 
oranj^e-coloured precipitate of lusmuthyl iodide, especially wln'ii 
heated. The solution of ])ota.ssium bismutli iodidi' is decomposed 
on dilution with water; if very little water is added black bismuth 
iodide sojiarates. whilst on tlu' addition of much water the pre¬ 
cipitate consists of l>ismutli\i iodide. 

* CJ. ul.so the roinmiumationh «if (Jiitlurr ami Jliinz, Zciisch. anw<j- C/nvi., 
48. 102, 294 ; 49, 432 j 60, 210 ; 52, 121 
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{'inolhonine niimte. and potassium iodide react with bismuth 
even wlion pres('.nt in very small amount, forming an orange- 
(•('loiired preeipitate (IjOgcr, Zedseh. amd. Chon., 28, 347). 

8. Voiassunn clironmlc and potassium diefironuitc ])roduce orange 
to velluw precipitates of basic fyismufk cfirowate. 'I’lie dichromate 
|it(‘(ipitates bismuthijl dachiomaic^ (Bi())244’207, as a yellow powder 
tnmi weak aiid solution. 'I’his may ])e distinguislu'd from load 
((iiMiuate l»\' ih(‘ fact that it is readily soluble in nitric acid, and but 
httlf soluble in ( olfl potassium or sodium hydroxide solution., 

‘.1 ])isoiliam. Injdi(>()('a phosphate prec-ipitates wlnto crystalline 
phosphate. Irom solutions of bismuth salts ; this is insoluble 

,ti m>l loo couemitKited fiflnr. acid. (J)isfinetion from most other 
callous) Alkali arseiuitt's behave in a similar manner. 

10. Diliilt sulphur'ie arid does not produce a ]ii‘(Mipi(ate in a 

moderately dilub* solution ol bismuth nitrate On (‘vaporatiiig 
ilic solution containin'j, (‘xcess of sulphuri<' acnl on tli(‘ water bath 
until acid vapoins no Ioiilmu’ i'siapi*. there js left a u'hde saline mass 
irinrh (/l/niifs dissolres lo a cleat solution in water acidified with 
.-uipliurK' a( 1(1 (('haraeteristie distinelion from lead ion.) On 

>1 atiding ior some linn' (often mily alter some days) .i hasie. bismuthyl 
p\ rosul]'hat(\ (JliOjoSoO; hOJl^O, separates in th<‘ lorm of micro- 
''lopic. ai leular crystals, which dissolve in nitric acid. 

II On tieating a solution of a bismutdi salt with excess of a 

solution of stannous chloride in potassium or sodium hydroxide 
solution a blac/: p/eripitale is pnalucs'd, wdm h. according to some 
.nil hoi it les, inav be reganh.'d as bismutlious oxide, Bit), and, according 
to <tt|,i(‘rs. as a mixture of ineliillic bismuth with Insiuuth oxide: 

Bi.tAcI K^SnOa-^BiO ! K^SnO.; 

(H‘ Biy*);! ]blK.^SnO^ -2Bi [ SK^SnOj 

This is a very characteristic and sensitive reaction. 

12. Sliomj redueim) atjenls, e.p. hypophosphorous acid, hypo- 
Milpliurous acid, or formaklidiyde, precipitate metallic bismuth from 
dilutions of ])ismnth salts The precipitate ])roduced by hypo- 
phosphorous acid is re-dissolved on the addition of hydrogen peroxide. 

13. The Jlnmc of a Bumcn burner is coloured bluish-green by 
ki'^muth compounds in presence ol bromine compounds, and grey- 
flue m that of chlorine e.om[)ounds. The colorations reseml)le those 
I'lcxhiccd by copper, but are less intense. 

11. When bismuth (‘oinjioiinds are mixed with sodium carbonate 
ui a liollow' on i harcoal, and exposed to the blowpipe reducing flame. 
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hriUle granules of huniulh, whic.h can be fractured with a hammer, 
are produced. Simultaneously the (diarcoal is coated with a sliglii, 
film of oxide, whirh is orange-coloured while hot and yellow on coohni; 
The reduction may also la; readily eltectod on charcoal sticks (p. 88) 
On grinding the end (containing the reduced biaiiiuth, yellow particles 
of metal are obtained. 

15. The deposit of wetaJlic hlsmalh, obtained as d(^scrib(‘d oti 
p. 89, is Idack extending into a brown film; the oxide deposit is 
yellowish-white (becoming black on treatment with stannous 
chlorid(; and sodium hvdroxid(\ c/' 11. Jli.stinction from haul oxide 
deposit), th(; iodide d<;posit is l.)luisb-brown (‘xtending into a red 
film, and the sulphide d('[)osit is dark brown with lightm* luown lilin, 
and is not removed by ammonium sulphide (Bunsen). 

If) On heating a bismuth compound, which is free from sulphur, 
with a mix! lire of equal jiarts of potassium, iodide and flowers of 
sulphur (or with pofa.ssiiim iodide alone, if the substance alnsidy 
contains sullicient sulphur for the decomposition of the potassium 
iodide) on chanaial befori' the hloinplpe flame, a very volatile searlet 
dejiosit of bismuth iodide is olitaim'd. Substances containing Ic.id. 
when treated in the same way, yiidd a d(;ep yellow deposit; their 
presence does not affect tin; bismuth reaction (v. Koliell). '1 lie- 
reaction also takes [ihuu' when the mixture is heated in a glass tulie 
fused together at one end (('ornwall). 

17. Calcium, carhomitc, wdiich has been im])regnated with a 

bismuth salt (even in very small (piantity) shows a blue luminescence 
when brought into contact with a hydrogen llamo (cf Sec. 58, 21. 
Donau, loc. cit.). « 

18. With regard to the microchemical detection of bismuth ion, 
see Haushofer, Mikroslopische, Ueakiioticn, p. 138; Behrens-Kiev, 
Mikrochcmische Amdyse, 3rd ed.. 3, 95; Sclioorl, Zeitsch. anal 
Chem.,^1, 731,745. 

Sec. 77. 

(d) Cadmium, (kl, ll‘2-lo. 

1. Cadmium is diralcnf. Metallic e-admium is like tin in colour, 
lustrous, ductile, and not vmy liard. It has a speciil(; gravity of 
8‘67, melts at 321'^ and boils at about 780^', but volatilises at a much 
lower temperature, and so (uin ho sublimed iu a glass tube. When 
heated on charcoal before the blowpipe it ignites and burns, pro¬ 
ducing brown fumes of oxide, whi('li form a disposit on the charcoal. 
Hydrochloric acid and dilute suliihuric acid dissolve cadmium 
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with the evolution of hydrogen, hut it is jnost easily dissolved by 
iiilric acid. 

2. Cadmiuni aside, CdO, is a powder, which is sometimes light 
l)rowii un<l sometimes dark hrovsyi; it resists the action of heat, 
t (idmiinn hijdroxide, (.'d(()Jl) 2 . is wliite. l^otli com})Ounds are readily 
>()lublc in hydrocliloric, nitric, and sulphuric acids. They also 
dissolve in solutions of ammonium salts, especially on heating, 
aiiinionia being lilierated. 

3 'I’hc ciidiHiuiih .salts are colourless or white, except when the 
aiuon causes them to be coloured ; some of them are soluble in’water. 
The solubles neutral salts redden litmus in consequence of hydrolysis ; 
the cadmium salts of volatile acid.s are decomposed on ignition, with 
1 !h‘ exception of the Ruljdiate, which will stand moderate ignition. 

1 Hydrogen sulphide and ammonium sulphide ])r()duce in 
alhilinc, vcuftal, and acid solaiions briijhl yellow (or under certain 
conditions of ex(-ess of acid and tcni])crature orange-yellow to red) 
pn‘(ipitates of eadmntm snlyhidc, CdS. Tins is readily drcom'})osed 
mid dissolved by hadiufi nitric, hydrochloric, and ddulc sulidniric acids. 
(Distinction from cupric suljdiidc). Cadmium sulphide is also in¬ 
soluble in the c.old in tlio presence of only a sbglit excess of liydrogeii 
ions, so that it is not. prccipitat(“d, at all events completely, from 
snlutioiis which arc acid to any extent. It is precipitated more readily 
from sulphuric than from hydrochloric acid solutions. The presence 
of niiH-li alkali chloride prevents its precipitation from even cpiite 
weak hydrochloric acid solutions. (Distinction from cupric ion. 
Cushman, Zcifsch anal, ('hem., 34, 3t)8 ) Jt is insoluble in alkali 
hy<lroxi(b‘, alkali sulpbid(\ anil jiotassium cyanide sohiiiona. (Dis- 
linctVou from cupric ion.) Aninioninm thioaectate jireeipitates 
ladiuium sulphide from b\drocliloric acid solution. l:>odinm ihio- 
■'^'diihalc does not give a ]ircci|>itat(^ with acid solutions of cadmium 
(ilistinetion from <-uj>ric ion), but jirodiices a slight jirccipitatc in 
neutral solutions. 

o Potassium and sodium hydroxide give a wiiite precipitate 
of cadmium hydroxide, ('d( 011 ) 2 , insoluble in excess of tin* precipitant. 

ti. Ammonia also gives a white precipitate of hydnuide, which, 
however, rcd-issolves readily and eompletely in exrss.s oj ammonia 
‘«>h(fion to form a colourh'ss solution, with the formation of a complex 
fadniium ammonia ion, c.i/. (’d(Rn 2 )’‘ 2 - The ammoniacal solution 
hi'eomcs turbid on boiling or dilution with much water, }>ut only in 
tile ali.senee of aimiiomum salts. Potassium or sodium hydroxide 
precipitates cadmium hydroxide fiom an ammoniacal solution. 
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7. Sodium carbonate and ammonium carbonate produce w/nh- 

precipitates of basic cadmium carbonate, (MCO;} |-J(’Cd(()II) 2 , wliu ^ 
are ins()Iul)Ic or only very slightly soluble in excess of aniinonnuii 
carbonate solution. Amnionium ;^ultH r<*tard and inlluence. tlie, pre¬ 
cipitation in tlie cold, but the precipitate is fornual on heatinu, 
aiuinonia [)r<‘vents the precipitation The precipitate is readiK 
dissolved by potjissium cyaiiule solution. It only subsides aftfi- 
long standing from diluti' solutions, but the si^paration is materialK 
jironiotcd })y heat. 

8. A 17 per cent, ainmoniacal solution of atnmoutum perchloraU 
precipitates crystalline <‘a<lnMum perchloratii Irom an ammoniai'.il 
solution of a cadmium suit. {I)istincti<m Irom cupnc ion. Snlva- 
dori. Chem. Zcvtr., lltJS, I.. 

t). Polassnim ifn(H-iftiiiatc dot's //o/ givt' a jut'tapitate with solutions 
of cadmium salts, even after the addition ol reducing agents, e 
suljihur dioxide. (Distim tion from copper mu.) 

10. On mixing cadmium comjtoiinds with sodiuin carbonate m 
a hollow on charcoal and heating tin' mi.vture m tin* reducing flame 
of the blowpipe* th(‘ rediici'd metal is immediatelv volatilisi'd again 
and becomes oxidised on its ])a.ssage through the outer flame, so tliat 
the surface of the charcoal becomes coated with a deep ijclhur lo 
reddish-brown jilm (f cadmmm oxide, wlm h can be most clearl}' 
seen after cooling. 

In the case of very small amounts of cadmium only a very tine 
filmy dejiosit in the form of a blackish ring shading outwar<ls into 
yellow to cojiper-iod. and the inti'iior of which shows a deep blue 
to violet glistening faint margin {Ihewi'iid, Vhem. Ziutr., Il'iig. 
11., 821). 

11. The depo^iit if mefaUie obtained as described on 

p. 81), is black extending into a brown him, the oxidi' deposit 
brownisli-hlaek, extending through brown into a. white film; the 
iodide de[)osit is white, and the sulphide ileposit lemon-yellow, and 
is not removed by ammoiuum .sulphide (Buiiseii). 

Analogous deposits may also be obtained by lu'ating eadmiimi 
or cadmium compounds with reducing agents m narrow glass tubes 
closed at one end (Biewend, ('hem. Zeutr., lb()2, II., 821). 

12. For the microeJiemical detection of cadmium ion, see llausholer, 
Mikroshopisehe Reaktionen. [). b2 ; Beiirons-Kley. ikrochemisehe 
Analifse. 3rd ed., j). 73 ; Schoorl. Zeiiseh anal, ('hem., 47, 730. 712. 
718 ; Bo/,;^i-Kscott. ('hem. 'Zenir., 11)07, 11.. 484. 
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Seo. 78. 

SiiiiniKirii (Did Remiirki on Grouj) 1'. {Viv. 2). 

I, Till! ii'iis I'f tl'P xccond dimx/on of the fifth {iroiii) may be 
ci.nililotely so|)aratc(l. m the maimer (le.sci'iheii, from iM’iTAiroiis ion 
,iiiil sdi'cr ion, but only mcom|iletely fiom leail ion. by means of 
lndi'ochlorie aeiil. Traces of merenne salt, winch at first are ro- 
i.iined thioneh adsorption by the precipitated silver c liloride, are 
I imipleteiy dissolved in the subseijueiit washing ((1 .1 .Mulder). 

■J ((/) Mririiiii' ion may be distineni.shed from the other, ions 
|,\ (he insolubilitv of its .•siilpliidi 'm dilute hoilini; nitiie acid. This 
(li.iiacteiistic albiids a convenient iiKdlioil of .separating it from 
I,.|.per, lead, and bisninth ions, and fiom any considerable amount 
1,1 ..idiniuni 1(111 (I’art of the cadmium sulphide, or po.ssibly the 
nil.lie of it when it IS only present in traces, is retained liy the mer- 
oiiic snipliide Billow) Care nnist therefore be t.iken to remove 
l|,rc/d(i/n/<s or In droidiloi le ai id con/pA /c/,/ by washing before boiling 
the sulphides with nitiic acid ■ Mririinr i^idjdiiiti’ di.ssolves readily 
ttlien heated with liydrochloiic acid to which a very small quantity 
nl potassiniii iddorate has been added The inerenric ion may be 
most easily detected in one portion of the solution by means of 
.Aiiiinoii.c chlondr. ('(idnuiDii ton retained bv the merenrie snl|)hide 
iiiav be found by evaporating another portion of the solution to 
diMii'ss in a pori elam crucible, and volatilising Ifie mereinie chloride 
III a low Ignition temperature in a fume cupboard. On treating the 
icddiie with a drop of hydrochloric acid and a little water, the 
i.idniiuin 1(111 IS obtained in solution, and may be pree.ijntated there- 
fomi by means of hydrogen sulphide (A) The merciiiic sulphide 
iii.iv.dso be separated completely from the snlphnh's ol lead, bisimith, 
.Old copper, but only incompletely from cadimiim sulphide, by boil¬ 
ing the moist sulphid(‘s with sodinin thiocarboiiate solution (pre- 
|i,ircd as described in Sec. .T,l, b'i, footnote. Ko.senbladt, 
lUiol C/iein., 26, l.b) ; or (e) The separation may be effected by treat¬ 
ing the sulphides with a mixtnic of potassium aul]ihide and hydroxide 
solutions (I’olstorll and Bulow, Arch. d. Phnrm., 221), 21)2; ('Item,, 
yciilr , 181)1, II., 227). Owing to the formation of ciunplex coin- 
I'oiinds, iiiercnnc sulphide is dissolvi'd, and may be re-precipitated 
hoiii the filtrate by means of hydrochloric acid (or, as in I’olstorff 
and Billow's method, by ammonium chloride), whilst the other 

' Tlie ((miplctcne.ss of the wiisliing is shown tiy tlie final washings not 
giving any ]>rocipit.ate or turlnditv with sitver niti.Lto aotutlon. 
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sulphides (in the absence of cadmium) are left free from mer¬ 
cury and may be dissolved in nitric acid, (d) The separation of 
mercuric ion from cupric., bismuth, and cadmium ions, and its 
incomplete se])aration from lead ion, may also be effected by heatin;' 
the hydrochloric acid solution with a solution of phosphoric arul 
(prejiarcd by allowing jihosphorus to deliquesce in the air, and 
diluting the syrujiy residue with water). The mercuric ion is 
preeijiitated as mercurous chloride. Lead ion may be simultaneoiislv 
jirecipitated (v. Uslar, ZeilurJi. (mill, (dicni , 34, 3!)1). 

3.1 Of the other cations remaining in the nitric acid solution 
after sejiaration of the mercuric ion (as in 2 («)), li'iiil (tm may lie 
prcci])itated liv adding siiljihuiic acid. The siqiaration is most 
complete when, jirior to the addition of an e.xcess of dilute aiilfiliiini' 
acid, the liipiid has bi'en evaporated on the water bath, until nitnr 
acid vapours no longer escape, and then diluted with water con¬ 
taining siilplmrie acid, and the insoluble residue of lead sulpli.ile 
iniinediately liltered olT. This re.sidiie may then be subjected to 
further testa by the dry method, as described in Sec, 72, 14, or it may 
be tested as follows : A portion of it is limited with a litth' jiota.ssiiim 
chromate solution, which converts the white precqiil.ate into yellow 
lead chromate The latter is separati'd, washed, and healed with a 
little potassium or soihuin hydroxide solution, which re-di.s,solvcs 
it, and. on then acidifving the clear solution with acetic acid, .i 
yellow precipitate of leml chromate is once more obtained. 

4. («) After separation of the mercuric and lead ions hi.nmilli 
iini may be separated from co|iper and cadnmmi ions by adding 
uiimiiniiu .soliiliini in excess, .since the hydroxides of the two latter 
metals are solulile in excess of anmionia solution On dis.iolving 
the .separated bismuth hydroxide in one or livii driips nf lii/ilrocliloni' 
nc.itl on a clock glass, anil adding water, the occurrence of a wo//.'/ 
/,»r/ild//'/c.onlirmsthe presence of bismuth, (h) The reaction de.scribeil 
in Sec 7ti, 11, depending on the formal ion of bismuthoiis oxide, 
is also a suitable contirniatory test. 

.b. The presence of any appreciable qiiaiitity of r.upnc liin iinr. 
be recognised by the blue colour of the ammoniaeal solution. HtiH 
smaller amounts may be detected by evaporating a portion of the 
solution nearly to dryness, and adding a little acetic acid and then 
pohi&num fcrriici/nnidc .lohilion. 

6. (n) For the xcporalion of copper ion from rodmium ion. tk<' 
remainder of the ammoniaeal solution is evaporated to a small 
volume, rendered slightly aciil with hydrochloric acid, and treated 
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witli a little ml'jyhiu- dioxide and pohtusium tkiocyanale solutions. 
'I'ho cuprous thio< yaiiate is allowed to subside in a warm place and 
hlterecl olf, and the cadmium ion in the filtrate ])recipitated l)y means 
of hvdrojfcn sulpliide, aft(“r removjvl of any sulphur dioxide present. 

((Hiviouslv an unnec<'ssarily ]arp:e excess of the latter must ho avoidetl. 
One of the i(‘ducin<: aj^ents numtioned in Hoc. 75, 11 jtiay also he 
used instead of sulphur dioxide.) Other methods of separating 
lopper and cadmium ions an*, IiesikI upon the treatment of the 
viiII'IikIos with (f>) ■jiotu.s.'-iKUi eijunidc, or (c) with boilnuj dilute suU 
and (1 ])a,i t of concenfrated acid wit h 5 ])arts of water).* Kor 
lliis jnir])ose the. solution is tnuited with hydrogen sulphide, and the 
[)i'c( i[iitate separat(‘d from the lh(uid hy decantation or tiltration, and 
wushed If it is ihen treatiMl as iii (6) with a little water and a frag- 
ni'-nt ol [lolassiiim <-\anide. tin* ciijnie siilpliatc; dissolvi's, while 
ihc \**llo\\ (adnmini sul])hide remains undissoKu'd On lioiling the 
|]ic<ij>itat(‘ ol tin* two sulpliides with dilut(‘ sulphuin- acid (c). the 
(Mime siilphnh* remains insolulde, whiK^ the cadmium sii](ihid<‘ dis¬ 
solves. On tlnni ti<'ating I In* lillratc with hydrognm siilphnh* water, 
vdlow cadmium siil|ihide is again precipital.iMl {.A W. Hofmann). 
{li] In this last nn'tlnxl there is a risk that some cupric sulphnh' may 
he o\idis(‘d to sulphate h)' the action of tin' air. and so he siinultano- 
diislv (lis.solved when the pri'c.ipitatis treated wilh suljihuric acid, 
with the result that a hrown precipitatii is again foinied m the 
lilUate, and that this may cause a small amount of cailmiuin to he 
oveilooked. Ilmiee ('usliinan reeomiiKMids that the sulphi<lcs 
slnnild h(‘ tn‘at<'<l witli an excicss of a satiiiati'd solution of sodium 
(hloii<le ainl a little hv<lroehlorie. aeid. ('a<lmiiim sulj)hi(le <lis- 
solves* and may h(‘ i(‘-pieeipitaleil fiom the Jiitrale hv in<‘ans of 
hydrogen siilplinh^ water. A still sliarper separation is ejfeetiMl 
hy treating the solution (2 c e.) eontaining the. eopjter and cadniium 
ions with saturatiMl sodium chloride solution (20 e e.) and a little 
liydrochlorie. acid, and ])assing a eurrent of liydrogen sulphide into 
it when the cupric ion is precipitati'd as sulphide. 'I'ln' preeipitatc 
is collected on a dry filter, and the liipiid filtered into a firv test-tuhe. 
On then adding a few drops of water to the filtrate a yellow ring 
ef cadmium sulphide separates.’ (c) Kragen recommends the 
dillerent holiaviour of copper and cadmium ion.s towards ]))iidinc 

a ineaihs of dete(dJng them in tlie presence of each other. Jlotli 
<'ations ai(‘ precipitatinl hy pyridine as pyridine doiihhi salts, but 

' A nu'ihod of M-p.ira.lmg cuprnr and cadmium ions liasod upon capillary 
■m.ilvHis has roconimcndcd by Trey {Zfit'^ch aval Chcin.., 37, 74,‘{). 

20 
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the copper compound is solulde in exco.ss of ])yridine, whereas Uk. 
cadniiuin (•oin])oimd is irisolulile. Tlu' siiipliidc;? arc dissolved m 
hydrochlori(' acid, the solution neutralised with ammonia, and an 
equal volume of sodium chlorid^^ solution and of pyihline add'd. 
Cadmium ion forms a wliitc jir<‘( i|iitat(\ whilst copper ion mav Ijr, 
recognised by tin* deep blue colour of the solution {iMonalsh.f. Chcm , 
37, 3!31 ; ('/mu. Zentr., 1 ^) 17 , 1 ., 531 ). 


^ SCKCIAU KnA'TfoNS 

01-' 'INK UaUJ'IU J\TkMRKKS of TIIK hlF’j'll (tKOUP.I 

Skc. 71). 

1. Palladium, IM, hm 7. 

1. I'nlhfilitini, ?s- (linih t/l uod Ulnttiih nL h. is <il larc <)(.■< iii icnu m 
metallic form, sonulimes alloyj'd uilli };(i|il ami sil\ci, bid cspnialK m 
association wdli plaliinini or m ])latinuiii oii-s. 'i'hc eoloiir of )ialladiiiti! 
is somewliatdarker than that of plaliniini, ulucli m otliei icspis ls d el<iM l\ 
resembles. Palladium melts with viry great dini<ull\'(at 1510 to lo.')!)); 
its .speeilie gravity is 11 •\ to 11 <S ; it assunu-s a bliusli liid ulien igiiibd 
in the air at a didl i(*d iieat, hut legams its nu talhc histir anil light iiilmn 
when more strongly ignited, it dissolves with lUlheully (luou- oailJ\ 
wlien alloyed u it h other metals) in pure ml 11 <- a<id, m maw hat moie n a'lil\ 
when nitrous acid is piesent, and is haidh' so[ul)l<‘ in l)odmg eoneeiiti. iImI 
sul[iluinc aei<l, )mt it is leiuleied soluhle bv fusion w dii jiolassium hydto'j< n 
sulphate, ami is readily soluble m ti'jini iti/nt. Pmely duided ^lalladnim 
is also soluhle III stioiig liN'droehloi U' ai id. P.dladiuni comhmes with 
oxygen in seveial jiiopoitions ; tin.' most iinportaid of the oxiile.s .iic 
pulladuus oxide, IMO, and ))alladie oxide, IMO... OnI_\ the salts eoin- 
Hpomliiig to the foiniei aie stalih*, llie palladie salts being leadily^decotn- 
jiosed ami eonverli'd into jialladovis salts. 

2. o.ia/e is blaek, its iivdioxide is while, atul lioth, wlim 
strongly igmli'd, leave a roidui' of metal, t'lilhidir o.ndr is l»laek ; when 
lieated with dilute iiyihoehlorie arid it dissi.»Ives, jialiadous eldoi'ide heiiar 
foimed and eliloiinc liberated. 

3. .Most of file jHiUudou.s .syd/i an- soluble m watei ; tliey are brown oi 
reddish-brown in colour, and tlieir solutions aio brown when eonreiitiaUd 
and yellow when dilute; that of palladous nituite xiehls a precipitate el 
a brow’u hasie salt on the addition of water, if not. more tliaii a slight 
excess of acid is pri'sent. 'I’lie palladous salts of volatile aeids are decoiii* 
posed on ignition, leaving a lesidue of palladmni. 

4. Hydrogen .s/dp/nrh and mnnKunum siilp/nde precipitate hlaek jxd/cu/oKS 

^ With regard to the analytieal behaviour of tlie jtiatmum metals, rcfercrcr 
may be made to the cmuprehensivc work of M\lnm and Alazzucchelli, Zctd<fp 
(inorif Ch(ni., 89, 1 (lUM); Zni'^ch. aiud. Chan., 55, 273 ; see also pp. 325-3^'- 
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~ fiotn acid or neutral solution*. I'lu.'. piccijatate is insoluble in 

.iiiitHoni'iiii suI|>liHle s(*Iution, but dissolves in potassium tluo(“arbonato, 
.i liition (<listin< lion Ironi lead, eo|)per, and bismuth ions), and is uol 
|,ir( ipilated trom the ,s<ilution by airhon r/m.m/c. (Distinction from iner- 
,uiv jon. li<is(‘nbla<lt ) It dissolves *iii boiling hydioelilorie aci<l. and is 
i,.,i<lilv soliililo 111 

.» . IK' (as gas or in a<pn‘oiis solution) |)roduees in an nrid solution 
,i |. (Idi^li-bioun jiiiM'ipitate of inilhul'uis f/o/y/n/c, uliieh is soluble m am- 
tiienin, potassium (_\anide. ami sodium liMlrogen sulpliitc solutions. This 
1^ ;i ^ood nn thod foi the sepaiatiou ot eoppei, ])lalnmin, and indium ions 
il'inlmaiin ami Makovvka, 'Anl'^rh. (tiial. CVicm., 46, Itl). • 

('. \ solution of pallailous eliloiidi' yields on treatment with /Kilas.siiiin 

■,! a brown liasie salt, which is soluble m a larg<‘ (‘vei'ss 

lit iIh’ jiiM'ipitanl. whilst kiii/ikhiki pn^duces a llesli eoloureil pr<‘eipitale 
III rlilo) idi (ninn'iiilK, IMt'L(Nll 3 )_>, or IM('1 .,1M( N 11 j).|(wlmdi 

ill- ol\r^ in ('\ie>s ol ammonia solution (lanly nqudly on lieating, slowly 
in lli(‘ ( old) to toi Ml a colourless lnpud, irom winch Jiydioclilm ic a< id 
|)r< .'Hdtatcs ludlmln.'-iuniHe rhlo/idf, JM(N11 j)_.t'l_,, a* a _\ellow ciystallino 
l>o < ipitatc 

7. Miinmc njinndr pi'<iiluces in neutral t)i slighiK' acid solutions a. 
p llin\ i.sli-ulute g<-latinous pti'ciiutalc. of ft>iU<id<ni', rytiiudf, winch dis- 
siK('- with some diHicully in li\di ochlot ic mel. but is r«-adily soluble ui 
a'liiiioina- solution. Tins is a |iai ticulai(\ ( liaiactei ist ic leaelion. the 

ii'ilivcm'ss of wliK'li, liouiwer, is inliiicnccd by tlie picsciice of otlii'r 
|*|.tfiinim metals (,M\hns and Ma/./.m;chet|i, Z< dscit hikiuj. ('Ik m . 89. I-’)). 

s .s7r//o/o//s I'ldo/idi produces, in till- abM-nce <tf flee by lb oclilorii' acid, 
a bla< k }»n‘< i|iilatc, but iii thi‘ |nc,-^(■n<•c o| that .Lcid it gi\'( a led solution, 

' liunL;mL' to blown and tinally to gieiai, and becoming Inowmsii-K'd on 
til'' addil ion ol w a ter. 

b Si>d/K I/I 1 1)1 UK dr pi eci pi tales t in^ w hole of t h(“ palladium at .'»tl m t !i<‘ 
t"i m ol metallic lutlhuhum, hlnrk. Otlicr leducmg agmits, .>,uch as nlmhol 
111 tin. Tnc.'^once ot alindi liydrovidi*, hiiihir.im ‘^ididnili m ammoniai’al or 
•Hid Nolulion, give a pHcijatate <jt metallic jialladium, winch is lustrous, 
I'liK'‘fub nt, Ol colloid.d, aceordin,'.; t-o llie i omlitions. 

III. i'i)(n-''Siuiii Kidtdr gi\»'S a black ini'cipitati" ol pnllitduiis unlidr, 
"Ill'll dissolves to a blown solution in c\( c-^s of the jnceunlanl. This is 
■> paitu-iilaily eharactciistic reaction. 

11 Pidii^.'-unn rfdondi gives with a < oncentrated solution of |iaila<lous 
tiiimidc a preci|iitatc of /ioIkssuhh fud/ndoii.'^ r/dorifle, K-^lMt'l,. in the form 
'>t 'joIilei\ yellow imedh's. wlm li leadily di.ssolvc in water, yielding a dark 
htown solution, but aie insoluble m absolute alcohol. 

12 Polas.sinrib mlxdr produces In solutions wliich arc not loo dilute a 
^i\''t,ilhm' yellow precipitate, wdnch Ix-comes red on standing for some 
t'"ic, and IS soluble in a large volume of water. 

Id. Pii(/i.\siuni, lliiori/analr does not give a [ireeipitate witii solutions of 
i'<dl nlons salts, even after the addition of sul[iluii' <lio\ule. (Distinction 
'•'xl mi'lliod tif separation from copper ion.) 
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14. n-vilro.'^o-P-nnjihihol pr<)d\i(’ca a vohnninous reddish-browti jhx-. 
cijiitato m Holutioiis of palladouH s-alts. This is a very seiiBitive reaction, 
wliicli distinguishes jialladiuin ion from the ions of tlie other platimnii 
inidals (W. Schnmlt, Znisch. <i)inrtj. ('Ii< ni., 80, 

15. l)iiniilii/f(/liiii t rni<' ;^ives with solutions of palladium salts a line 
Vi'llow jn’ei-ij)ital(‘, which is readily sdluhic- in ammonia and ])otjissinti) 
eyamd<‘ solutions, hut is only vep\ spaini^ly soluble in water, .50 j>er cint 
alcohol, and dilute acids. (Distim-tion fioiii the ions of tlu* othci' platimnn 
nu'tals, except ]»latmuin, luit not frmii j^ohl ton. W’midei and d’hmin^ci, 

(iiiuf Cliiiii.. 52. lot and 500.) Other platinum metals ahn 
intluOu (‘ tlie sioisil i\ cne.ss ol tli(‘ reaction (M yin is ami Ma/zueehclli, Z* j/m /< 

U)i<>r(j. ('hi in , 89, 10). 

10. Blhf/hnrirttplnn m I per cent, aipieous solution iH'iiduees a nilhxr 
('oloraium ttl onci m neut ral solutions of jialladous cliloiide. even w hen \ci \ 
dilut(“, Imt on aciditi< ation with jwid. and csjki lally afti-r hcatiii;^, a daik 
yellow tloci iilent pi ecijiitati' is immediately fot med (m<liuni, ruthemiiiii, 
and osmium ions are onl\ piecipitateil atti-r hi atiii^ the solution foi a long 
time) (Claesson, ./. 7 auA-/. t’/em., (2) 15, 2t)0 ; M\hus and Muzyaiedii Hi, 
Zt'itM'li. anoHj. t7/M//..89. 10 ). 

17. (hi tieatiiig liiii'hni- with a few’ iltops of a solution ot a 

]>alhulous salt, tin* liquid, which is at first red, cliaiiges to orange-\cliow. 
steel-giey, and linallv j-reeii, ami then on standing for some time lHronu^ 
tiirhid and red again. It ammonia is added to the liquid while still ginii 
the colour cliaiiges to blue l)illetent absorption spectra eoiii'Spond 1o 
tiiese changes of i oloiir (Inn maiieU, Z< (iiiuf. <’ln in., 39, 081). 

18. Wlien Ignited with .sedo/m nn/xninl^ in the vpjKr o.ni/alioii llniic. 
all ])a)ladiiim eom|K>iinds _\ield a gte\ spongy deposit ol metal, (hi 
grnuhng tins iqi in an agate mortar, silvei\-wliilc'. malleable jiarticles of 
metal are obtained. 

]|). Palladium compounds show tlie e/>/dfo// nnrlion, <’/. See. 85. II. 

20. On moistening iiaitially dili^diated /mid.) iixul.s with a <hlti(<' 

solution of a palladoiis .salt, and then fusing them again, (ildi'k aic 

obtaineil. 

21. .For the niiviocfn mn'dl tlikiiioii of j»alla<hum lon.si-e Ilausliofci. 

Mi/croskophscht: ludkidnmi, ]». 107 ; Jbdirens-Kley, Afik)‘o('hriin’''<'f>‘ 

Andldi/.si\ 3rd ed., p. 100; Po/./i-Isseol and H. ('. Couquet, (’dinpl. mid , 
130, 1073; Chna. Zuifr., lOUO. 1.. 10it2. 

Hkc. 80 . 

2. Rhodium. Rh, 102 9. 

1. lihoihinn is iliriihnf and Inrdinit. It occurs m small quantities la 
platinum ores. Rhodium is an almost silvery-white, ductile metal, wimli 
is very ditheult to melt (about 2000°), or, when separated by the wet 
metiiod. is a grev or black powder with a speeilie gravity of l2-(). ('oinj'.-u t 
ihodium does not dissolve in any acid, and is only soluble, even m 
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r'<iia, wHon It is alloyed with gold or .silver, but not wit-h platinutn, (‘0[>per, 
ot,'. PhospUorK! a<-id ami potassium hydrogeu sulpliatc, wIk'h fused with 
jli.iiliimi, dissolve it ni the form of rhodie salts When lu'atisl in ehloiinc 
11 yirhls chlorules of variable (•ompo.''^tion (('laus. Ix-idie). Heated with 
or •''Oilmni chluiulc in a ciornd of vkhninu it forms double 
Jilondes. .Sodium iliodic chloride is iiisolulde iu al<-obol. (Method of 
s, paiation from jdatmiim ion and otlua- eations.) 

'2. Rhodium forms three eomponmls with oxygen, viy,. ihotloii.s ojidc, 
RhO, rhoilir. oiido, Rli/).^, and th(‘ pnroinli, UhO^. t.ii'lv is giey 

)ii black (the eoiH'sponding hydroxid»‘ being yellow or brownish-black). 
Il IS msohibh* in acids, but dissolves in th<‘ same solvents as the metal 
(rc/c supm). Its sohitnms aie a tine red. 

:i fli/<boif(n sulphide givivs, after a eonsiihaable time, especially on 
hc.Lting. a blown ])iceipitat<‘. which is either ihoilir snlphidr, Rh.^Sj, or 
ihodiiini hvdiogen siil))lnd<‘. Rh(SI|)j. aeeording to the eoiulilums of {)re- 
cipitation. 1’liis IS msohible in ai ids and alkali ''iilphide solutions, but is 
(le^oKi'd l>v bromine water or runui 

I [ILidi iHoiiosidpliidcs give a brownwb-blaek pr<‘eipitat(‘ of rhodium 
.ilkali sulphide, which is insoliihle in excess ol the precipitant, and is 
.l( cduijiosimI hy w ati'r (Leidie). 

5. l*olii''Sinnt luidniuulr. wIkmi added in not. too l.irge an excc.ss to 
si.lulions of liioilium salts, imm<MliuU“ly produces a ip'Uoir [U'c‘ei]>itat(? of 
tin- /in'/n>rftli\ Rh(<)H );5 [-If >(b wliieli is solulile at th(‘ ordinary Uun- 
|)etatui(‘ 111 e\('<*ss ol the [ir(‘eipitant; on hotliihj the vellow solution tlio 
/di<-l-i.\h-l/roirn. /niilnn h/r, Rli(<)ll),. is pieeipitatcd. (\'o preeipit.atc is 
piodmed at liist in a solution ol rliodie eiilonde hy im'ans of jiotassiiim 
liMiroxide, but. on a'Iding .ii< obol bla<-k liv<lro\td<‘ soon s<“parates. Clans ) 

♦ > Aiin/ioinif piodiU'Os after some time a yi llow pi-eiapitate, soluble in 
ii\dioehlorie a>'id 

7 Zinc and also Jbi inir ond gi\ e a bhu k ]>re<-ij)itat(‘ of metallic 
iliodiui*!. ffi/tlKiiinu sidpliiifr III alkaline (not in acid) solution, or hi/droznie 
li'lil,iil> pr<cipii;ites black inelallie |•l 1 odllltn from eoneeritiated siiintion.s, 
ami lustrous iliodium from dilute s(.iIutions ((liilbiei .nid Kiess, iiii., 42 , 
1417 and 2205). Ili/dnn i/lmnnir -^idpliolr does nnt elTect a rediudion in 
and solution (Oistmciion from g«ild ion. Jaiinas<‘b and iMayt'r, Ihid.^ 
38. 2l:i0.) 

S On lieatnig a solution of rboilie eliloridi' with poln^.'-itnii iidiilu (not 
"illi sodium nitrite) it turns yellow, ami an oiange-yillow powder, w'hieh 
ts only .sligbt-ly soluble m water but dissolves readily in hytlroeliloiic acid. 

|>i<‘eipitat(‘d, whilst another portion of the rliodium is (•onveife(| into a 
.V'llow salt, winch is soluhle in watiu’, but piccipibitcd by al<-ob<ij. A 
ni'-tliod of separating rhodium from lutliennim ion is based upon the 
•iisi»lul)i!ity of rhotlir potiis-^mm iiilrde in alcohol ((Jibbs). 

b. All solitl rlio<hiim compounds when heated in hpdioipn, or also when 
igtiiteil on platinum wire with sodium rnrhomd-^ in the ii[)[ier oxulising 
'laiiic, yield the nni'd, which may Ik* re(ognised by its jnsolubiliiy m <op(a 
and its solubility on fusion with j)otas.suun hydrogen sulphate. 'I’ho 
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fused mass obtained with the latter is yellow when cold, and gives a y<'IIoiv 
solution with water. 'J'he solution becomes rod on the addition of ii\(li(,. 
cliloi’ie acid {Bunsen). 

10. Rhodium gives (he ignition feaetion (r/. See. 85, M). 

11. On moistening a partly deli^draled horax head witli a dilute solution 
of a rhodium salt, and fusing it. a brown bead is obtained, wlneli uj»p(;((i 5 
slate-gri'Y by relleclcd light. 

12 . 'J'he )nicK>elu lineal ihlieiioii of ihoduim ion is bas<“d upon tlic 
eharaeteristies of rhodium potassium nitiite (Bebi<-ns-Kley, Mihoeh 
AnallJ^^(, 3rd ed., ]>. 80) or of ammonium rliodiuni chloride (W'llm, Bn 18 
2547). 

Skc. 81. 

3. Ruthenium, Jtu, iol-7. 

1. Iiidh()nii)}i is di-, hi-, Idni-, /u'.'.a-, and oclaralcid. it occurs lo 
small ])rc>]xu-tion m ])latinum otes. 'I’lic metal is brittle, greyisli-wluic, 
dillieult to melt (at about M> 00 '), and has a spccijic gravity of 12 - 20 , vliilsi 
in the form of jioudei- it is giiy ish-hlack ; it is scau-ely dissolv<;d by (i>piii 
regta, ami is not atta<-ked wIkui fused with jiotassium hydrogen sulphatr, 

2. It combines with oxygen to foim nitla iioim oxide, RuO, ridln inr 

oxide, lln._.()y (sesipiioxidi ), dio.ude, (inthcnium o.xide), and tetroxidf. 

Ru (>4 (penuthenic anhy<iiide).^ When the metal in powdered loim i', 
ignited m the. air it forms black ,'iet^<jinoj ule, msolUbU'm acids.- 

3. On igniting a mixtuii' of the metal and potassium chlonde in ii 
current of chlorine, tlu- j»ioduet consists ol jiolasniini ndheniuni 
chloride, w'hicli dissolvi-s in water to lorni an oiangiecolouieil sohilieii. 
Tliis solution yields, slowly on .standing and immediately on Iteatiiig, a 
voluminous blat:k eolluidal pH‘ci])itate, winch Kunams in suspension lor a 
long time, and gives a pronounced colomtioii. 'I'iiis is a very scn.siluc 
reaction. 

(«) Potas.siinii or sodimn /o/d/o.udc, or in, gives a blaekisfi-biowii 

precipitati' of .sesquioxidi', wliieh is insoluble in e.xecSvS of potassiuin oi 
sodium hydroxide solution, hnt dissolves to a greenish-brown solution m 
excess of ammonia solution and in liydrocidonc acid, foiming an orange- 
coloured solution. 

{h) llydrofjen fiidfihide gives a light-coloured pri'cipitati', but only aJUi 
some time; this is donblh'ss a mixture of black Tutlieninm sulplnde <ni<J 
sulphur. The puaipitate gradually be<-oine.s darki’r, while the Inpnd 
becomes deep blue. 

(f) Amnuininm sidjihidc gives a browiush-hlaek piecipitale, whieli 
is only sjiaiingly soluble in excess of tin* precipitant. 

(d) Zinc at lirst produces an nuligo-bluc coloration, owing to the le- 
duction of the intheiiie ion to rullienous ion; subsequently inctalhi' 
ruthenium separates. 

^ The anhydnile nf ruthemc acid (trioxido, RUO 3 ) is not known. 

* Accorthng to Debray aiul .loly, the ])roduct thus obtained iB in all 
bability a nuxtun- of dioxide ami metallic ruthenium. 
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y,) ihiot'ijaimle, produces after some time (in the absence of 

„tli't pliitenuu metals) a red coloration, whicii gradually becomes 

aruh on heating, a fine violet, d'his is a very characteristic re 
a. lion, vvliich, however, is influenced by the ions of other platinum 
iidals. 

(f) Puta-<<siu7n iodide gives a bliirk precipitate of iodide^ gradually in 
llie cold and immediately on lieating. 

{<l) On treating the solution, which lias been made slightly alkaline 
Willi sodium carhenate, wUli jjoht.'^siuni mlrilv, heating it to boiling point, 
allowing it to cool, and adding to it a very small quantity of colour- 
Icv.s ammoniinn sul]ilii(h% the liquid becomes mm ,‘<011 and aftAwards 
h/nini (<!veii in the pivscnci! of tJio ions of other metals which occur in 
])liitmum oies). 1'h«' addition of more ammonium sulphi(le produces a 
l)inwii precipitate. 

(h) On adding a few drops of lutlioiuc ehlorid<“ solution to a solution 
ol .^niliiiiii Ihiosu!plmlc, which has been tremted witli ammonia, an iiiteu.se 
jonplr nd eoU)!'<Uion is ]>rodiieed. 

I. Ritlhntumi oAiilv (dioxide) is a blackish-blue powder, whicli is 
iii-^diiihle in acids, l)iit dissolves, with brown coloration, wlieu fused with 
]iij'a.ssium hydroxide, fts Injd/ovide is dark oelire-yellow, aiul is soluble 
m acids, foi mmg a liglit, yellow'^ solution. Wlien metallic rnt!i<‘niam is 
bi-^i'd witli }>ol<t-<siM)ii lin<lrotidr an<! in inh'iti' or rlilonih- an orang(‘- 

M)l<mred mass is oblamcd. 'I'lus contains polKiisiiim nit/tiunlr, which is 
'oliible m water, forming an oiaiige-coloured solution. Aeiils or alcohol 
pn i ipitalc uithoiiiiim s(‘S(|mhy(ln>\iilc fi'orn this solution. Wlien chlorine 
K mlrodueed into potassium intlicnat<‘ solution luLhcnmm tetroxido 
Milatilises. 

5. liiilhni'nnii biiondi is a yellow eryslallim' mass, whieh volatilises, 
(Veil at tlie oidmary temperature. It melts easily and boils at a little 
n\ei' lOO’. 'Cbc gol(len- 3 ’<dIow g;i.s has an odour recalling tliat of the 
(le<<ni*|)os]tion jiroduets of nitrogen tiioxide. liiilhiiiifim lelioride dis¬ 
solves slowly and sparingly m wat<‘r ; wlien iicatcd with liydroehloric acid 
it forms rutlienium trieliloi ulo, wliilo clilorinc is liberated. The tri- 
< lilonde combines with excels of clihnine to form tetracliloi ide. llydro- 
\,\laimne reduces tlie tetracbhuide to tiiehlori(b\ (Distinction from 
pl.it mum ion.) 

[a) Sulpkiir dioade gives a purple-red and than a violet-blue coloration 
lutli a solution of the tetroxido. 

{!>) JJtjdroife)! ■'^ulphidr produces a black precipitate of oxysulphide, 
"lule the liquid assumi's a transitoiy rod colour. 

(r) Jliilhonuni telrarhloride combines with hydrochloric acid to form 
iiitheniiun hydrochloric acid, HsTliiC'lfl, to whieh tlio sparingly soluble 
j’otassiuin and ammonium salts correspond. On standing it loses chlorine 
■md changes into the scsquichloride, whicli no lunger gives a jirecipitate 
.inimonium chloride. 

b. Solutions of nithmimm salts and tlic vapours from nithcniiim 
(''iiqK>uiids give a black coloraliou with oKjamc aabiilauctu. 
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7. On moistening a partly dehydrated borax bead with a solutiou of 
a ruthenium salt, and again fusing it, a black bead is obtained. 

8 . For the inicrockemical dclcclion of ruthenium ion, see Behrcns-Klcy, 
Mikrochemtsche Anahj.'ie, Jlrd ed., p. 165. 

Sec. 82. 

4. Osmium, Os, 11)0 D. 

1. Osmium is </t-, ki-y letra-, hexa-, and orfaralruf. ft is of rare occur¬ 
rence in platinum ores as osrnium-iridium. It is a black powder, or grey 
solid, with metallic lustie, is very dilliciilt' to melt (at about 2500'), and has 
a specific gravity <>f 22‘5. 

2. Both the metal and the oxides—oimo/is o.ii(le, OsO, o.stmc o.ndf, 
O 82 O 3 , and the dto.wlc, OsO.^ —are oxidiseil when heated in the air, and 
yield the volatile osrnir. tciroxide (perosmie anhydride), U.sUj,’ which may 
he recognised by its oxtrcunely pungimt unphsisant odour, reealling that of 
cddoiinc an<l iodine. H’liis is wry eharaeUu'istic. 

2. When a little osmium is introduced on a strip of platinum foil into 
a gas llamo about halfway up in the outer zone it renders the jlame. exha- 
ordinarily luminous. Fveii trail's of osmium may be detected in this 
way in iridium, but tbe ])henomenon is only of momentary oeeurrenec ; the 
tt'st may be rejx'ated by introducing the substance first into the reducing 
llamo and then bringing it haek again into the outer zone. 

4. Niirie arid, (‘sjieeially the led fuming aeid, and also aqua regia, 
dissolve o.smiuin, forming perosmie acid. Heat promotes the solution, 
hut also causes osmium tetroxidc to volatilise. Osmium which has been 
very strongly ignited docs not tlissolvo in acids. When it is fused witli 
potassium nitrate and the dissolved mass distilled with mine acid osmium 
tetroxido is found in the distillati'. (HMiis is a characteristic reaction of all 
the osmium compounds.) Hydrogen peroxide dissolves finely divided 
osmium, as obtained by reduction witli zinc or magnesium, the tetroxiih' 
being formed. (Distinction from the other platinum metals. Oilou, 
Cliem. Zeit.,m,lU.) 

5. On heating osmium in dry chlorine gas free, fiom air, hluish-hlai k 
osmous chloride, OsCU, is first formed, though always in small proportion, 
and then tlic more volatile rod chloride (tetiaclilorido), OsCl^; if inoisl 
chlorine gas is used, a green mixture of the two chlorides is obtained. The 
dicldoride dissolves to form a blue solution, the ti^trachloride to form a 
rod, and the two together a grecsi solution, which subsequisitly ohanges 
to rmI. 'I’he solutions soon deeomposi' with the formation of osmium 
t<^troxide, hydrochloric aidd, and a mixture of osmous oxides and osmium 
dioxide, which separaU's as a hlaidc powdtu'. 

6 . On heating a mixture of osmium fiowder or of osmium sulphide ami 
potassium chloride in chlor.ur. potassium osmium tetrachloride, K. 20 s(flo- 
is formed ; itdi.s 8 olvo.s wdth dillieiilty in cold, but more readily in hot watta 


The anhydride of osmic acid, H^OsO;, is not known. 
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(^/) Alcohnl precipitates the salt from tills aoliition as a red crystalline 

(/;) Pofnssiuin hi/droxulo precipitates black hydroxide from the hot 

soliilioii. ♦ 

Wlien potassium osmium chloride is fusfd with sodium carbonate 
HU \ i.sli-black osmium dioxide, insoluble in water and hydrochloric acid, 
H obtained. 

7. Potassium osmie chloruh' is very soluble in water. The deep red 
seliition is readily dcoorupo.sed, especially on heating, with the separation 
ol hlaek o.vyclilonde. L^otassium hydroxide preeijiitales brovvnisl\-red 
(,-iiH'' Injifro.iule fiorn the red solulion. * • 

S (}^)iiitini irt/ovnic (the. anhydride of peiosmie acid) is wbib' and 
(i\h(alhm\ melts when slij^litJy lieated, and boils at about IbO'^. The 
\ ajxmis liavi' an unbearable odour, and have a pronounced in italini^ ac'tion 
ii])un (]i(‘ no.se and eyes. When h(*ated with water it melts and slowly 
(ll^■'olv(“S. Till’ solution is eolourU'ss, lias an initalmg un])l<*usant odour, 
l)iil does not show an acid reaction. 

((/) ('oncentiuted pofassiiim hijdto.udv sidulion pioduei^s a yellow 
(itioMlion in the solution. 

ih) On distilliiie this alkaline solution most of the letroxidc distils (a 
(liaraeleiislK' test), whilst ilie remainder is deconipoK<‘d into oxygen and 
osmate, K^OsO,, and on continued boiling into osmic tetioxide, 
o.stmc hydroxide', and potiisMinn hydroxide'. 

(e') Osimum tedroxieh' ihrolorosrs indujo solution, lihrmfis iodine from 
jiolus.siinn iodide solutioiid aiul oxidises (deohof to aldrhyele and aeaitic acid. 
Winn heateel with akoliol eir tannie aedel in })U‘se'iu‘e' of bydie)e!iloiic 
.Mid a blue eedoration is ])ioduceel, owing to tlm foimatiou eif osnujua 
e liliji'ide, OsCl^. 

id) beitassium mlrite reeliiees it readily to poltissiunt osmole, wliicli 
sepatates in garnet-reel crystals ; the same eomponiid is alsei formed when 
a solutvin of tedroxide, which has bet'ii treated with potassium hijdroxidc, 
and so contains perosmate ie.)n, is leeluced with alrolioL TIuj potassium 
‘oinate may bo eiuantitatively preeipitaled by means of ammonium chloride 
Solution. 

(e) Sulphur dioxide, added in increasing quantities to a solution of 
O'^miuin tetre»\id<', pre>ducea siiee-e-ssively yelleiw, reddish-brown, green, and 
liiially imligo-bluo esdorations. 

(/) Ferrous sulphate gives a black piee*ipitato eif the dioxule. 


' According tei Orloff {Chem. Zeil , 31, 1003) this is not the case*. Oaniium 
Inlioxielo does not liberate iodine from a neutral solution of peitiiHsium iodide. 
11"' solution only becomes yellow, tho colour changing to green on the addition 
fd acid. A sensitive test for osmium ion has been based by E. I'merua Alvarez 
dthun News, 91, 172; Chem. Zentr., 1905, I., 1483) on tins reaidion, which 
dejK'nds upon the formation of tho iodine compound Osl2.2HI. Two c.c. of a 
1 per cent, solution of potassium iodide are treated with 20 drojw of pure 
coii('f.ijtrftted Hulithuric acid or phosphoric acid of sp. gr. T7, and on then adding 
drop of a solution of an osmium salt a green coloration, removable by shaking 
"'idi etlier, is obtamed. 
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(y) Elanncnt.'^ chloride gives a l)ro\vii precipitate, which dissolves in 
hydrochloric acMd, forming a brosvn solution. 

{h) Zinc and many inctalH in (he j)res(‘uoc of a free strong acid give a 
precipitate of metallic osmium. Sodium forniati^ or acetylene oflccl a 
reduction to the metal. 

(f) liydroijen fndphidc produces a l>Ia<kisli-browii coloration in an 
aqueous solution of osmium Ictroxide, whilst on a<idjng an acid there w 
formed a blaekish-liiown pm-cipitatc of osmium telnisulplndc or of hi/ilioitil 
oxysulphidCf which is mstiluble m solutions of alkali liydroMdc.s, carbonates, 
or sul^)hidcs. 

0. When iijinU'd in u currcnl of hydro<j<u all osmium compounda yield 
metallic osmium, whilst when ignited in the oxidising liame they yield 
volatile osmium tetroxide, H'cognisahle l>y its odour, ete. 

10. If a paitly dehydrated lH>rox h<nd is moistened with a soIutK>?i of an 
oamiinn salt and again fused, a ivihlish-hrown bead is obtanu'd. 

11. For the microchcmic(d drtrcfioii ol osmium ion, se<‘ Kelirens-Kie\. 
Mikrochcmisrhc A ualy-sc, 3rd ed., p. 103. 


SlX'I'll (Iroui-. 

Elements with Sulphides, insoluble in dilute Acids and 
forming Sulpho Anions. 

Members of frequent oeeiirrem-e : Gold, Platinum, Tin, {.l^ 
fltaunous and stannic ions), Antimony, Arsenic (as ar.s(‘nat«' and 
arseiiito ions). 

Members of rarer oceiirrema'; Iridium, Germanium, Selenium. 
Tellurium, Molybdenum, Tungsten. 

Skc. 8:3. „ 

The member.s of the sixth gruiij) have (at all eviuits in tlnir 
states of higlier valency) a pronounced tendency to form anions 
with oxygon, and thus form a transition stage, m passing to tie' 
metalloids, in their states of lower vahmey. liowever, some of tie' 
more important also occur as cations, whilst in their elemental} 
condition they show, almost without c.xception, the cliaractmistn s 
of metals. For this reason and also owing to their analytaal 
behaviour (especially towards hydrogen sulphide) they arc dealt with 
among the cations. 

Characteristics o£ the Group. 

Position in the Periodic System,- 'I’iie members of the sixth 
group may be classified analytically into two groups, which is ah'> 
in accordance with their position m the periodic system. On the 
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(iiic hand, thore are the n<)l)Ic metals -iridinm, platinum, and gold— 
which immediately follow one another and occupy a position in 
till- middle of the third groat period at tlu‘ end of tlic eighth (or 
l.r'niniing of the ninth) horizontal scries, 'they have hut little 
jiionoiinced aflinitv, either in the positive or negative direction, 
which IS alsti shown in conma tion with the i liaiacteristic property 
III tins analytnal group the tendem-y to lorm siilpho-salt anions, 
winch m tlie ease of tlu'se three metals is relativi'ly slight. They 
.ill lorm i'oinplex eomiiounds, in which the nu'tals are contained 
111 t lie anion. 

'the nieml){‘rs of tin* second division of tlie sixth analytical group 
o(rii()y positions in th(‘ fifth, sixth, and sevmitli groups m the 
|)ciin<lie sysUmi On th(‘ one hand, come selenium, molylidenum, 
tcihii lum, ami tungsten in smawssion in tlie vertical dneetiun (the 
irN|H'etive paire<l ami unpaired niemla'rs in each instanee being 
< lo.sci to ea,eli of her analyttealiv). and, on the other liand. tliey form 
two gnmps of thrtM' (hmients following one another in the horizontal 
iliicrtion, VIZ. geinianmm, arsenii-., aial selmmini. and tin. antimony, 
.nul tellurium of which again the elements oee.upying })Osition3 
ill a vertnal senes (the paireil memhers of the fomtli. liftli, and 
Mxtli jieiMKiie gioups) closely leseiiihh' each other in tluur pro[)erties. 

All the iiiemixus of this second division ixc-upy a position on the 
hor,il l-line Ix'tween metals and metalloids, and their negative 
‘liai.utiT is the more ])ronounced w'hen that [xisition lies towards 
the end <)f I lie griait peiiods, on the om‘ liaml, or is in one of the 
lii.Lilier jienods, on the other. All form suljiluesalt anions (in aceurd- 
•'iiM' mtli tin* iundaiuental cliar.ie,!eristic of the groii])). With the 
CK( i‘[)l ion fd gmniaiiiuin all form anions <‘ontaming oxygen. Arsenic, 
s'‘ienium, and tellurium (and, as ri'gards hydiogen, also antimony) 
‘"■cur, hl<(‘ th(“ halogens, in tin* free condition as anions Only tin 
'iixl antimony eomi)in(' as cations witii anions of o.xygenateil acids to 
ham sails (with a tendency towards hydrol\lie- dissocial ion), whilst 
<'ic ofii(‘r members only form sails with halogen ions 

Analytical Character of the Group.- The, sulphides are insoluble 
ni dilute acids. . Tliev combine with alkali sulphnles eitJier ilirectly 
or after absorption of suljdiur, to form soluble sulpho-salts, in whii^h 
tlie memfiers of the sixth group are jm'sent in the siiljifm salt anion. 
Hence the ions of tlie above-mentioned elements, like llioae of the 
hftli group, are precipitated completely from acidifii'd solutions by 
"leans of hydrogen sulphide. The precipitated .sul]>hides differ 
hmn those of the liftli group, in the fact that they are soluble in 
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solutions of the Hul[»lu<ies of ajninonium, potassium, etc., and an; 
re-]>rec.ipitat(Hl from tliose solutions on tlie addition of acids. 

To facilitate the survey we liave classified the members of fre¬ 
quent occurrence in this group into tlie following divisions - 

1. Noble Metals. 

Gold and Platinum (witli which may be classilieil iridium from 
the rarer nuuubers). The oxides (»f these metals are dceomposisl 
on igr.‘ition into the nud-al and oxygen, and tlu^ corrc-spouding 
chlorides into metal and chlorine. Tlie precipitate's jirodnced by 
hydrogen sulphide, (‘.sj)ecially when formed in hot solutions, do iml 
dissolve in boiling hydiochloric acid, and only to a slight extent, 
if at all. in boiling nitrui acid 'I’lio sulphide's are h'ss .solubh' in 
ammonium sulpliide .solution than those of th(5 otlu'r members of tin' 
sixth group. (.)n igniting the .sulphides in a cuirent of ehlorme, 
or with a mixture of 5 parts of ammonium chloride and I jiart of 
ammonium nitrate, a metullK' n'sidue is left. 

2. Baser Metals or Metalloids. 

Antimony, Tin, Arsenic (together with the remaining raier 
members). The oxides of these metals are not diaomposed by 
ignition into tin* metal and oxygmi, and tlu' chhji i(b‘s volatili.se when 
heated, 'the sulphides are soluble in boiling livdrochhuic acid 
(with the exc(‘j)tion of tliose of arseni<‘), and are dissolved or di'i'oiii 
posed by boiling nitric acid. When heated in a current of ehloi‘im‘, 
or with a mixture of 5 parts of ammonium eliloiide and 1 par! ol 
ammonium nitrate, the sulphides volatilise completely. 


Sf'EciAT- Reactions ob’ MioMiti-uts of Group VI. of 
FRKQ rENT Occurrence. 

First Division: Noble Metals. 

8kc. 81. 

(a) Gold, An, IIG 2. 

1. Gold is mmorulcid and triroh-nf. Metallic gold is yellow, 
highly lustrous, fairly soft, and extremely ductile. When preci]u- 
tated in the form of a powder, gold is brown and dull, but in the 
colloidal condition it is red or blue. Gold melts with difficulty ai 
1064'', and has a sjiecifie gravity of 19'3. It does not oxidise when 
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liinted in the air, and does not dissolve in liydrochloric, nitric, f)r 
acids, hut is sonicwliat soluble in hot conccntratc'd sul¬ 
phuric acid containin^j nitric acid, and readily soluble in liiniids con- 
tainin}/ chlorine or hberatinjj; chlorine, as. for example, aifua rnjia. 
'I'hc sohitions contain auric, chloride. As a general rule the pre.sencc 
of oKidising substaiK'cs {e.(j. ferric cldonde or hydiogen peroxide) or 
of in.iiiy organii' substances (alcohol, (‘t(“.) increases the solubility 
of gold iu a(uds, so that, it then dissolves to some extent <‘ven iii 
li\(liocliloT'ic or 8 ulphuri(! acid Liipiids containing free bromine 
or iodine also dissolve gold. It is also solubh' in potassium cyanide 
holiition, esp('(hallv in tin' [)r(‘S(mc(‘ of oxygen. It is not attacked 
nil fusion wit h potassium hydrogmi siilphati!. Iiut alkali hydroxides, 
III the |tn‘sence of ail*, alkali pi‘roxi<ies, an<l alkali nitrate oxidise it 
,i(, tie’ Icmpeiatiin* of fusion. 

2 Amu- oxide (gold oxide), Au.d)?. is blackish-brown; the 
f"jilioiide is an ochre-brown or blackish-brown powdcix Both 

< oiiipouiids an' nalueiMl by liglit and heat , and an' icadilv soluble 
III li\di'ochloric acid, but insoluble in dilute owgi'iiate*! ai ids. Con- 

< out M ted mine acid ’ ami siilpliiii le aeid dissolvi' livdroxtde to some 
i-xtiMit. iuit w.iltu- re-pieeipit<ifes it liom the.se solulimis Anroitii 
inode. AnJb is viohd black, and is decomposed, wIk'Ii bi'aled, into 
gold and oxvgi'n 

•5 ()xifi/ei>ale<( of i/old are jiraidieally uiiLnoini Anne 

cldonde, AiiClj. is led to browiiish-n'd, losc's chloiine at to 

2 iKr. and leavixs a ^ ('llowish-w lute n'sidue - of aiiroiis chioiiiJe, 
And. \\hi<'h when strongly heati'd is de<-omposed into elilonne and 
gold and on tiealment with water into gold and auiie chloride. 
Auric <-hloride .solution is bniwnish-nal when concentrated, ami 
i'ddi,sh-\('How when dilul<‘. and still sliows a yellow colour wdicn 
gnatly diluted It nnldcns litiuus owing to h\(lrol\sis Auric 
(Idoiide is soluble in ether, espi'cially in the jnc'scncc of hydrochloric 
a' i<i. and may, therefore, be extracted from its aipieous solution by 
^'iiakmg with ether. (iMi'thod of separation from platinum ion and 
till' ions of many other im-tals. ('/ Afyhiis, '/jciisih (niortj. ('hem., 
70 203 ; Zeifsc/t. ami. Chem , 51, 380.) Anne, kydroqen chlonde, 
llAuClj, is an acid. Tt crystallises in pale yellow crystals, HAUCI 4 
, Ulof), which dissolve in water, forming the so-calh'd aiml gold 

’ According to Wohhvill (Abegg’s Handhuck, II., 1, p. 820), aiiriu hydroxide 
<lis;<<)lvo.s hairly readily in nittic acid. 

According to lA Meyer {Conijd. rnuL, 133, bln; Chan. Zaiii., J!)02, 
t’. tS), aurous ciiiondc is grey-green. 
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chloride solution. Its ions are, therefore, present in all solutions of 
auric chloride containing excess of hydrochloric acid. 

-1. Hydrogen sulphide prenp/law^s- the -whole, of the (/old ion f}u„i 
a nenfral or oeid sohduni of (lurio chloride. {Aininotnuoi ihioud'hiir 
effects a similar proci[)itation ) The l>ro\vnisli-l)lack prccipitaic 
obtained in the cold is ouroiis sul/diidc, AiuSo (L. Hoilmann ami 
U. Kriiss). Kroin hot solutions liydrog(>n sulphide jirecipitatis 
meiallic gold. 'I'lie j)recipitate produced by hyilrogen sulphaic k 
insolulde in hydrochlorii^ or nitric, acid, even on heating, Imt dissolvrv 
in (Kpta regia. The auroiis sul|ihid(‘ precipil-at<‘, is soluhhi m 
colourless and yellow anmioniuin sulphide solutions, especially oii 
heating, and still more soluble in sodium or ])o(.assium siilpluilr 
solution, sometimes leaving a rcsidiu' of gold powder. Wlaii 
ignited in a cuiTent ot i hhiriiie. or with b parts of ammonium chloi n!r 
and I part of ammonium nitrati*, it h'aves metallic gold. 

T). Ammonium sulphide gives a brownish hlack pre< i)ulatc ol 
uuroio^ .''Uiphidc. An.jS^ winch is solubh- m excess of the prei ipit.iiit. 
esjiecially on heat mg. 

G. Alkali hydroxides prei Ipitatc onne hi/droxidc, wliicli dissnl\(s 
in oxi^ossof tin* picupitant, with tie' lormation of aiirate ion, Aid»',. 

7. Ammonia, addt'd m ('Xcc.ss1(i not too dilute solutions of aunt 
chlorub', gives a yclloW' to brown iiigliiy (‘\plosi\e juecipitate of 
''fulminating (/old- chloiidc " a mixture ot two sub.staie-es, which when 
dried have composilions corn'sjiondmg to the formuhe Au_.();j.bXII; 
(auric oxide sesqummme), and (’!(Ml 2 )Au Nil Au(Xil.j)('l (diammo 
iniino-diaurous ehionde) Solutions eontaining much ammonuiin 
chloride yield onlv »liaimno auric chloride, (N!f 2 )s-Au(’l. wliieJi is not 
explosive. On treating these eompoumls with iimmonia soliitilhi tlm 
halogen is (‘limmated In the presence of mueh ammonium niliat<- 
auric tetramim'. nitrale, [Au(Nll;j) 4 l(N 0 ;{)y. formi'd (K Weit/, 
Liehig'x Jim., 410. 117). 

8. Reducing agents pre,cipi(a<<' nwtalhe gold ' from a solufioii 
of aurie, ehlornle, usually in the form of a brown powder, w’lueli, wle-n 
suspended in the liquid, causes tin' latti'i* to appear blue by tran.^ 
mitted light. Under certain (‘on<liti<ms, tiu' gold may also he po'- 
cipitated in crystalline form or in particles reflecting a gohl liistic. 
whilst under other conditions blue or red colloidal solutions aic 
obtained. Of the many po.ssihle methods of i»reei)iitation hv means 
of reducing agents the following may be mentioned : (a) Ferrous 
salts reduet* auric chloride in its solutions, ami ])r(‘eipitate metalh'' 

^ In many eivses tlic pl•(•^clluc• of anmionium .salts has a restrictive iiitiuencc 
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iinld in the feriii of an extremely line hroivu, pov^er. The liquid in 
whirli the j>rcej]»itiit<' is .susjxmdod apix^ars blaekish-blue by traiis- 
niitted lijfht. Tlic dried precipitate shows a metalHc lustn* wlien 
jin‘s^cd with the blade oi a knife. \\ hen th(' ^nild solution is ren<iorod 
.ikaline i»v tln‘ addition ol a few drops of potassium or sodium 
hvdioMde solution, before adding a small (piantity of ferrous suljdiato 
-oliition. a bku'k pnx ipitate is obtaiix'd instead of a ilirty-grecn 
even w'hen the, solution is very dilute (Jt. Itose, Rudorlf). 
{h) Potassium nitrite produc<*s a preiapitate of nx'tallic gold, even 
III \rrv dilute solutions, after a short time. When the injuid is 
i \i t‘'-'i\ elv dihit(‘ it shows onlv a blue coloration .it first, (c) Sulphur 
tl/ni/ih’ pnx ipitati's gold, slowlv in the cold, and rajiidls' on heating. 
(-/) On adding oxaliC acid to a solution of auric, chloride, whieh is 
Inc from nitne acid, aixl eoiitains little, if anv. hydrochloric, acid or 
.ilkali rhlorid<‘. aixl lu'aling the Inpiid. carbon dioxide is (‘volvcd, 
•mil 'iohi s' p.n.iti-s, ntlu'r m g<»Idcn lustrous si-ah's or as a golden 
iiiiiioi like nx't.illie <i(‘posil on the sides of ih(‘ glass vi'sm ‘1 : liAut’k^ 
‘1I'.0)1K 2Au ! bJJO! In and solution iheie is either 

iiu f<'duclion (u- only an incomplete one. 'I’hi.s, howx'ver, is the case 
ulicii the gold solution is jirevionsly treated with sixlium carbonate 
(rnwoznik. Chciu Zculr., 1912. 1 , 209). (c) Fur)uuld(h}jdc 

[ if'cipitatcs gold in the lorm of lustKuis crystals from strongly acid 
-'oliifions (Mel hod of sepaiation from tlie ions of co[)pcr, antimony, 
men my. zme l*'ud. manganese, tin, and aisenie, arxl also from 
[Altmum w'liu li IS onl\’ ymy slowly pieeijut.itixl.) Formaldehyde 
|iie« ijiitates gohl als«) li'om alkaline solutions on heating Aaluldc- 
h.is tin- s.nne ►‘fleet ('hloral hipliulc effeets a laxluetion in 
.ilk.lime, hut not in aeid solutions. Dniudiiflqlipuimi' preeqjitates 
,i:"kl eompleteU- m m(‘tallie form from boiling liydrix hlone aeid 
lojis (/) Ifpinizivr suf/s aixl lifp/rori/ltnunw su/ls elfei-t 

i"iiiplel(‘ pieeipit.ition of gold from lumtral, and. and alkaline 
^"iiiliona (Knoev(‘nagel and Fblor. Ihr . 35, oO.V)). The latter ])re- 
f'l'''''*!! iu hydioehloric and solution, in wliieh it d<x's not aet until 
file liipiid has been licatixl to Ko . aiul thni somewhat slowly, is the 
fioie suitabh* reageiil when other cations whieb are also )>reeipitated 
i'} hydrazine salts are present {c.r/. platinum, indium, and rhodium 
letis Janriascli and Mayer. Jirr.. 38, 2129 and (fold is 

not precipitated from its potassium cyanide solutions by hydro- 
\^hunine, salts and alkali (Fainer, Zfitsrh aiuil. Chcu\.. 11, 303). 
( 7 ) AcciijlcK- jirecipitates metallic gold from and, but not from 
Jiikahiie gold solutions. (//) IIift^^roycn peroxidf’ in alkaline solution, 
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and also aodium an<l hirinm peroxides, precipitate jrold, witli |],5 
evolution of <)xy^(‘n. (Di.stinction from platituiin and iridium ihhh, 
Vaniuo aiiil Soemann, Her., 32, 1 % 8 ). (i) Stannous chlotide |»n'. 
cipitates metallic^ ^old as a brown powder from concentrated stron^lv 
acid solutions of auric, cldoride : 2 Au(d 3 f-38n(’l2~3Sn('lj-f-2Aii 
Stannous chloride containing stannic chloride (readily preparer] 
mixing stannous chloride solution with a little chlorine walcij 
produces, even in extremebj ddxde sliijhll/f acid solutions, a piirph ml 
precipitate, or one, wliicli is sonietiines rather more vtolef, or tends 
towards hrownlAi-red : or else a similar coloration of so-called 70 /,/ 
purple {purple of (Ut.s.sius). This is a mixture of red colloidal gold 
with collonlal w/d i (Zsigmondi, Lwhifs Ann., 'iOi, and 

301). The ]irecipitatc is decom[)osod by hydrochlorK; acid wiili 
the scjiaration of gold. (/;) On treating an auric chloride sohitKm 
with a few dro|>s of ar.^eme odd solution, 2 to 3 drops dfr/ne eldxntlc 
solution, and 2 to 3 drops of li/fdroe’done ucid, dilniitig tin* li(|ind 
witli water to lIK) c (* , and adding a fragment of zinr, a puijilc coloia- 
tion develops round the zinc and gradually permeates th(‘ wlmlc 
li(|uid (Oarnot, Her , 32, 1008 ; /,ei(se/i. uno! ('}/eni , 39, 181). 

0 . Vor the det<u-tiou of small i[uanlities of gold the follnuinii 
reactions, soim* of wliich arc; also basisl up(m a ix'diiction to colloid.d 
gold, have been deseniM'd : p-JdiniijIenedKinifne produces, evrn in 
very dilut(^ .solution.s, a fireen. eoloruiion (.1. K. Saul, ('hem. Zexir. 
1013, 1., 1138). m-Flteniflenediunune prodma'S a i/elJow to ddil: 
brown coloration ; this is a viuy sensitive reaelion (Siemssen, ('hnn 
Zeit., 36, 031). Henzalnie in aeelie acid gives a blue to iiicrii 

cnloridion, (Malatesta and ])i Mola, Chnn. Zenir., 1013. 11., 7 b)). 
Tetramethpldiauiinodiphenplnathanc (2 o grins, ilissolved in Kf <• c "t 
citric acid solution, 1 : 1, and made up to o(H) c.c.) givc's a paij'l’' 
coloration with solutions of gold salts, or a litjhl blue coloiation in 
extremely dilute solutions (Carney, ('hem Zentr., 1012, 1., 851). 

10. All gold compounds are reduced when heated on chateoul 
slicks (p. 88 ), or U])on eharcoal in the blowpipe flame. On tritural 111 ;^ 
the cliarcoal, glistening golden jiarticles are obtained, which am 
insoluble in nitric acid, but di.ssolve readily m aipia reijia. 

11. When borax is partly dehydrated, and the resulting ina>'' 
moistened wit h a dilute solution of a gold salt and (used into a h(‘ail 
characteristic colorations, due to colloidal solution, are obtauuHl. 

^ Gold purple of similar appearance may also be produced by precipitating! 
red colloidal gold upon white substances (pajicr ash, asbestos, see Ohem. 

11108, I., 1575). {Zeitsch. aval. C'hcm., 41, 303 ct sr*/.) 
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Ifi the presence of (pld a ruby-red coloration ivS produced. After 
lir.itiiig the bead for some tiinc the colloidal condition disappears, 
the bead becoming first blue, then greonish-bluc, and finally colour- 
If any considerable quantitj^ of gold is present th(‘ bead, 
.ifltT being heated for soiih' time, appears livc^r-coloured by reflected 
li-lit and blue by transmitted light. In the prescmce of free sulphuric 
adtl and free halogen the reaction does not tak<5 place. Platinum 
iiiav mask the gold coloration (i)onau, Mimatsh. f. Chon., 25, 013; 
/.i/t.'-ch tV/cm-, 44, 205). ^ 

Analogous colorations are, obtained with alkali phosphate beads, 
bill nmoLinls of tli(‘ alkali salt change the re<l eoloralion into 

Molct. In the pn'smiec of iron the red coloration only ap|)('ars after 
«ooling 

!2 With regard to the drleclio}} of gold ion, see 

I l.iii>liofcr, M , ]>. 50; Ifehrens-Kley, 

Mil.ior/totfi-'^chr Annhfsv, .5rd vd . ]> 15r> . Donaii. ('/uni Zcnlr , 

I'.ml, 11., UbS ; J*o;!zi Kscot, C/icm. '/Aulr , 1007, 1., liC.O. 

Sko. 85. 

(b) Platinum, Pt, 105-2. 

1. V/(tli>inni. is (livalcul and Icirnmlvnl. .\f(‘tallic ]>latimim in 
(lie compact condition is pale steel grey, very lustrous, fairly hard, 
.ind \(‘ry diu lile. Jt melts with gn^at dillicnity at about 1750', has 
.1 .•'pcciiic gravity of 21-1, and is not oxidisial when ignited in the 
air Spongy platinum is dull grey, preripitated platinum (platinum 
blai k) is lilac k and pulveriilcmt. Jlydrochloric acid, nitric acid,^ 
•iinl suTphiiric acid - do not dissolve' platimim, hut it is soluble in 
I’ljun infId, esjieeially on lic'ating. The solution, in the prc'sc'nco 
of cKce.ss of hydrochloric acid, contains the ions of [ilatiiio- 
li\(lroch]oric, acid, Jl^l’tt’lo; hydrochloric acid with hydrogen 
|"■Io\l(le also dissolves platimim. Olatinum is not attaekod by 
liNioii with potassium hydrogen sulphate', but it is oxidised at 
Ignition leinjierature hv alkali nitrates, by alkali hydroxides in the 
im'M'iice of air. and by alkali iicroxidcs Platinates, which arc 
"oluhlc.' in hydrocliioric^ acid, an' formed in the process {cf Jaiidie 
=^n«l t^iu'iinessc'ii, Cftoii Zrn/r.. P)02. 1 , 507), so that platinum 
’'c^sf'Is are attac-kod when the.se substances are fused in Ihc'in {cf. 

' hl.ttiiium ilissolvca to an apjacciahlc (‘Xtent in nitric acid in (he presence 

iti.uiy other mclala, cs]x>cially \vh<*n it is alloyed with silver. 

“ With regard to the aetion of boiling concenlratcd sulphuric acid, see 
aiial. Chem., 52, 57(». 


21 
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p. 59). A fusion ini-'cturo of aiumoniiun suljjlmto and potassium or 
ammonium l)rojuido also attacks platinum, whereas the individual 
suhstanccs do not (Mcker, rrml.. 125, 1029 ; Chem. '/jentr 

1891^, 1 . 438). Potassium cyankfe solution can also dissolve jilatinuiu 
to some extent in the ahsence of air, with tlie evolution of hydroj^en 
(K. Glaser, Elcklrorlu'm., 9, 11) 

2 . Pidlwic oxide, is a black powder, and its /oyd/ora/c, 

Pt(OJf) 4 , a reddish-brown jiowder. Hotli are rednci'cl on heating 
The ^hydroxide dis.solv(‘s readily in dilute acids and in sodium 
hydroxide solutions. Ploh'iioKs oride, i’tO, is dark violet, and its 
/njdroxide, Pt(()ll)c^, is black; both leave a residue of the metal 
when ignited. 

3. Tlie plotivir .s’nKs are <lec(mij)os(‘d on ignition ; they are 
yellow or brown in colour. Jdafnitr <-hhiiidt', PiCl, l oIf.^O. foims 
red crystaks, and ])latinohvdrochIoric a<ad, IliiPtClc, |-(ilL(), forms 
l>rownish-red crystals. What is commonly leinied platimim 
chloride solution is really a solution of plat inohydrochloric. acid, 
and has an acid reaction Potli platinic chloride and jilatino- 
hydrochloric acid are converted into philnions chloride. PtGU. when 
i;entlv ij^nitecl, and into j)latinnm on stroiv..;«T lumtion A, soinlum 
of platinic ehloridc' conlaininu platinons chloride is daik brown m 
colour 

4. Hydrogen sulphide gradually produe<‘s a brown eoloiafmii 
in acid or neutral solutions, and siibseipimitly gives a l)la(k pii' 
ci})itale of pladn/r. sulphide, l’tS._., but e\ ('M after a fairly hmg action 
does iiof ejfeet a complete preeipilohoii ^ (Tln^ dilliculty of pn*- 
eipitation is due to the fact that the platinum is nearly alwa\s 
]>rosent almost com])letely m the. form of the complex anion, Vu 'I'V,- 
and only to the extent to which this is dissociat<‘d into Pt ■" ami 
GC'l' is it accessible to the action of hydrogen snl|>hi<i(\) On heating 
the solution containing the ludrogen sulphide the pr<‘cipitat(“ is 
immediately produced. Tin* pii'cipifate also nnidily carru's do'>''a 
substances which liy thmnsclves are not jin'cipitated Iroiu and 
solutions by hydrogen sulphide, notablv barons sulphide (Wiini). 
Alkali sulphides, es])e<aally polysiilphides, dissolve platinic sulphide 
when they are used in large excess and with the aid of Innit, hut 
complete solution is stow and dillicult to (dToct. Hot nitric acid 
dissolves platinic sul{)liide jirccijutatcd in tin* void, forming a dmi 
hrou'ii solution, Imt has little aetion upon the sulphide precipitated 

' In the ])iT.‘?onr«‘ of mercuric clilorido jilatiniim 8iit])hi<lc is pn-eiintalcd 
more rajiidly and completely. 
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from a hot solution. Hydrochloric acid does not dissolve platinic 
,Mili>hidc even on heating, but aqua regia dissolves it readily. When 
tlic sulphide is heated in a current of chlorine, or with a mixture of 

parts of amuumium chloride an<^ 1 part of amimnitim nitrate, it 
leaves a residue of metalln; platinum. 

Ammoniuni sulphide also gives a hlaehi.sh-hrotvn 2 >reci'pi(<tie 
of platinic sulphide. This dissolves slowly (more rapidly on heating) 
in an excess of tlui precipitant, cspe<‘ially wlum the latter (contains 
ammonium polysulphide, hut it is always dillieult to eltect coiii[)lete 
solution. Acids preci])iiate it unchanged from the reddish-hrown 
stilution. 

(I Potassium chloride or ammonium chloride, when added to 
solutions of platinohytlrochloric acid which are not too dilute, 
pM)ilui-es .1 qel/oir ea/fsl<d(ine precipd(de nf polassiuni or iDnmonium 
Itliiliiioch/oriili' It) the i-ase of dilute solutions tin* preci[)itate.s are 
olftumed hy (evaporating the ii(piid, aft(‘r addition of the precipitant, 
oil I li<^ wuli'f hath, and trt'aiing the residue with a litth* wat(*r or 
ihiute alcohol The prei ipitates dissolve more readiU^ in acids than 
111 water They are nearly insoluble in cxci'ss of potassium or 
.iitniionium chloride solution. (]\)tassiuni liyilroxide or ammonia 
produce similar precipitati's, especially in the presence of free liydro- 
(liloric acid) 1’hc piecipitate.s are solubh* in hot concimtrated 
potassium or sodium hydroxuh^ solution. The platinum will then 
1 '“ pre.sent iii solution in the form of aiiion-s (rtr'l 4011 ', Ptf'l.dl'^ 

1). Ammonium [ilatinochloride leave.s a residue of spongy 
platinum on ignition, whilst potassium platinochloridc* leaves 
platmi^m and ])otassium chloride. Complete decom[)osition of the 
latter only takes place when tin* ignition is carried out in a current 
ol liyilrogen, or after tin* addition of a little oxalic acid. 

7. Stunuous chloride prodma's an intense dark red to brownish- 
ad eoloralion in solutions wiucli contain iniu^li free hydrochloric 
or, in the case of very minute (piantitn's of platinum ions, a 
yellow (‘olorataon. Imt does not form a precipitate. On diluting the 
h'[uid with water, liowover, a precipitate is obtained. Under these 
<^on(htions, tlicTc is a separation of colloidal platinum mixed with 
eolioidal stannic; hydroxide, analogous to the formation of the gold- 
purple of Cassius (Wohler and Speng<*l, Zeitseli. Clievi. Ind. Kolloide, 
7- 2i;i; Chem. Zentr., 1010, If., 1870).^ 

’ Tho reaction with stannous cliloriclo is only ihstinctivo when liiimio 
'iiPstancea (winch may bo removed by ignition) are abstait, since tliese (in- 
''liiiliiig eg. filter |)!i|)or, whi(!h lias been ovaporat<‘d wifli miaa re/fin) show a 
Hiniilar coloration (liangstein and I’l.iu.sintz, ('hetn. Zed., 38, 8U2). 
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8 . On treating a solution of platinohydrocliloric acid with potas¬ 
sium iodide in exeess a very clmraeicrixlie, dark red coloration, or, in 
the case of very dilute solutions, a pink coloration is obtained, whicli 
may be due to the liberation of iodine, while jilatinic chloride ion 
is reduced to platinous chloride ion : l’tCh^(i-l-2I^=PtCI"4'h2Ch-hl2, 
as for example, K 2 l’tCl(j+ 2 Kl -K 2 rtCl 4 h2KCl |-21- 

9. Ferrous sulphate does not give a precipitate with platinic 
chloride solution, unless the liquid is hoiled for a very long time, 
in which case the, chloride is eventually reduced with the separation 
of platinum. If, however, sodium hydroxide and then hydrochloric 
acid are added to the platinic chloride solution after the addition ol 
ferrous sulphate platinum black is prccipi*^ated. 

10. Omdie acid and svlphiir dioxide do -nol precipitate pluliniim 
from a solution of platinic iddoride, even on heating, neither docs 
ucdylenr (di.stinction from palladium ion), nor hydroxylaDiinc in 
acid or alkaline (sodium hydroxide) solution, nor lii/droycn pexuide 
in alkaline solution, give any precipitate. (Distinction from gold 
ion in each (-a.se.) 

11. Other rediieiny iiyeiilr, ey. fin me acid in neutral hoilnig 
solution, qhjeenn and rodiaui hydionde when heated, inm/nc.vui/i/. 
zi?w, or hydrazine in alkaline or dilute acetic aciil solution, preeijiitate 
metallic jilatiniim as a fine hlack \iowder. 

12. Benzidine in acetii' acid solution produces a lloce.ulent hhie 
precipitate aftm- a short, time, even in very dilute solutions of 
platinum salts (.Malatesta and Di Nola, tdiem. Xenlr., Ihl.'l, If., 717) 

13. On igniting a platinum compound with sodium carbonate on 
a loop of fine platinum wire in tlie upper oxidising flame, a jijiongy 
grey mass is obtained, which when triturateil in an agate niortnr 
yields silvery-white malleable, particles of metal, which are iiisoluhlc 
in hydrochloric or nitric acid, but dissolve in uejva rcijia. 

14. When a dilute solution of a platinum salt is absorbed In- 
means of thin asbestos paper and the water evaiiorated, this process 
repeated several times, and the pa]ier finally ignited and expo.sed to 
a current of gas from an unlightcd Bunsen burner, it will become 
incandescent. This is a very sensitive and characteristic reaction 
of the platinum metals (platinum, palladium, iridiunr, rhodium). 

15. Borax beads (preferably those obtained by moistening parti)’ 
dehydrated borax with a dilute ))latinum salt solution and then 
fusing the mass into beads again) and ulkxili phosphate, heads arc 
coloured fawn-brown by platinum. In t.hi' presence, of larger amounts 
of platinum the bead becomes opalescent to turbid. On longer 
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lieating, the colour disaiipears, owing to the colloidal platinum 
uniting into a metallic film. The colour ia more stable, however, 
than that of gold (Donau, Zcilsch. anal. Oltem., 44, 205; Olu:m. 
/citr., 1908, I., 1.57,5). 

1 (1. With regard to the micyochemienl dcU'clion of platinum, ace 
ll.iushofer, Miknyiliijnsche Ilcaltionni, p. 110; Behrcn.s-Kley, 
Mikroclieiniicha AnahjKi', 3rd od , p. 157 ; Donau, (.'hem. ZciUr., 
l;i07, 11., 1443. 

Sec:. 8G. 

Snmmarij and Remark'! on Group VI. 

1. The reactions of gold and platinum ion enable these, cations 
to be directly det(;cted, at all cveirts in many cases, both in the 
|ircsciice of niaiiy other cations and also, in jrarticadar, when only 
jil.itirium and gold ion arc in the solution. In the latter case advan- 
t.ige may be taken of the fact that gold is prec.i[)itatcil by many 
l■(.(blcing agents which do not precipitate platinum (ef. 9 and 10 in 
the preceding sections). If oxalic acid is used, it is best to evaporate 
the .solution nearly to dryne.ss on the water bath, and if nitric acid 
IS prc.sent, to repeat the evaporation .several times after the, aildition 
of livdrochloi'ic acid. The ri'.sidui' is taken up with water, and the 
solution, winch should be nearly free from hydrochloric acid, is 
treated with oxalic acid, or better, with sodium o.xalatc, and heated 
for some time, so as to [>reci|iitate the gold ion completely. The 
liltiate from this precipitate is treated with ammonium chloride and 
eva[iorated on the water liath nearly to dryni'.ss, and the residue 
treated with dilute alcohol. This dissolves the excess of ammonium 
ehhiri’de and of o.xalic acid, or of .sodium oxalate and carbonate, 
whilst the platinum ion is left as an insoluble residue of ammonium 
pl.itinochloride. If very lit tle platinum is present, it is preferable 
lo i.vapoiale (he filtrate from the gohl to dryness and ignite the 
lesidue in order to remove the o.xalic acid. The jilatimim is left 
III metallic form. It is washed and di.s,solved in a few droiis of aqua 
I'l'qin, and further tests applied to the resulting solution. 

2. A method of separating gold ion from platinum ion may also 
he, based on the solubility of auric chloride in e,ther. With regard 
to the special a|jplication of this method, see Mylius, Zeil.'ioh. anorg. 
('hem., 70, 203 ; Zeilsch. anal. Cheiii-., 51, 380. 

3. For the se|)aration of gohl and platinum ions from other 
cations, ((hristensen (Zeil.'ieli. anal, ('hem., 54, 158) recommends 
precipitation with hydraziiu’ suljihate (in presence of barium ion, 
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hydrazine chloride) from a solution slightly acidified with liydro- 
chloric acid. The |)rccij[)itate will contain only gold, platinum, 
mercury, and a little copper. 

As an a])p(mdix to this section the separation of the ions of llu^ 
rest of the platimnn metals from each other and from gold aiul 
platinum ions may be outlined. ]\T}lius and I\fazz\icchelli {Zvi(sv/i. 
iwonj. ('hem.y 89, 1 (1014)) have, studied this sul)ject in all its details, 
and from their results it apjaairs that the presence of the ions of the. 
other Jilatinum metals interfcro.s to a considerahle extent witli the 
reactions of the individual ions in tlie ])ure condition, as described 
in Sees. 70-S2. While making a general reference to the work of 
those chemists, we also givi; on p. .‘»27 tlaur [iroces.s for the didoctioit 
of the ions of platinum metals and of gold m the presema* of sona- 
other cations, wideii nearly always accompany tlnmi. In ndcrence 
to this scheme it may be poinii'd out that whereas the group ])i'c- 
cipitatious proceed from sdvor ion to iron ion, tlic secomlary pre¬ 
cipitations (l- O) follow th(‘ H'vcr.si* direct ion. IW fliis means it i.s 
possible to unite tlu* “ ri'sidues *’ which an; ohtaiiied in flic first 
separations, and consisting mainly of iridium .ind ruili<mium com- 
jiounds, with the main jiortion of tliose metals. 4'he anaUsis ends 
with the separation of these two ions 

Mylius and Jluttner {Zeltsch. unonj. ('hcfii- , 95, 2’>7 (11)10)) liav<^ 
studied tiie belnuionr of jilatiiiiim in a luminous gas llamo, an<l their 
rovsults indicati; that tin* l(*ss ])ure tin* platinum the gr(*at(U‘ tin*, 
deposition of soot, so that this (‘iiabh‘s an estimation of tlic degree of 
purity to he made. 


Second Diclsion, Gitoup VI : JhvsKu Mtotals ok Metalloii's 
Sec. 87. 

(a) Tin, Sn. HDD. 

'Tin is dirulenl and (elmvalrtil. Metallic tin is gr(‘yisli-white, 
highly lustrous, soft, ductile, and (Tackles when hent. Jt can he 
converted into grey tin below -1-20’k and thereby disintegrated, ami 
this is particularly liulile to occur on exposxire to great cold (“tin 
disease ”). At about ~\ 2(K)'' it changes into rhombic brittle tin. 
which can readily be powdered. 'Hie specific gravity of white tin 
is 7'28. Tin meltvS at 231'8'^, boils at u white heat of ignition, is 
oxidised when heated in the air, but only completely after long 
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ScHKMIi THE J)ETE('TlnN (tF THE loNS OF Pd, Pt, llh, Uu, Ir, 

Au, Ag, (Ju, Fe. 

(1 ingrni. of cjicli ia aolutioii as chloride.) 

(iiouj) FHMSintuUoa. S>"coiidaiy S(‘i).ir.Ulond. 


I iliu solulloii H ( vuporatrd jicaily <<> 
.liMH'Ss, diltiLcil willi ‘i c c. (It watfi, and 
iilicred fn'iii till* <ljuk pinciinlalc 
]‘rfi ipit.ilt; f>ilv(T chlorKk!. 


IL l'ln‘ lilliair fn'iu 1 . i-^ s.ilni.di'd \mI 1 i 
piiWili'H'd aiiiniotiimit Tin- 

iipilalo I' t'(!i>nial(Ml allri oiii- lioiii. atiil 
wa'-laai ^Mtll a iiltic aititnoiiuiiii chlondo 
-.(•liUioii 

l’n-ci|'ltjdo J><)ul>k' nk'-' <it 

]>laUiiiuti, iii<liuiii, uii<{ I 111 lit-iiiiini 


IJ1. The fiiliaje liom JI. l.s cvaj>(>ral«-<l to 
iliMK'S'. vmIIj .( Cl 1)1 dilute iiiliic .icld 
I lie t'lkl ')alirie lesicliie i-. nii\(‘d with dilute 
iiiUh ni'id to loiiii .1 .solulloii almost 
-..ilui.ili'ii with aniiiioiiiuui lulotide, -'ll 
llial the iMsily si.diililu donlile ililoiidc'- oL 
ilioduMii, KokI, eo|>|iei, and itoii ate dis- 
'uheil, wliilsti the daik doiihle miHh of 
irnliilni, ,iud ruHicHtilin me led. 
iiiidHso!\ed. This le-'idiie is wa^lied with 
,i very litlle dilute aimuoiiium ehkuide 
•Miiutiou eoiitmiiiiu; nitiK acid. 

IV. The lill.iali- fioin ill. is evainuated 
to diyiiess with dilute liyilioeliloru' acid, 
tJio lesiduc dissolved iii 0 » e ot w.ilei uilli 
llu' addition of a diop ol dllut-e livdloeldoi ii- 
.eld, an*l the solution lapidly sataiiati'd 
with hydn^i'en suliiliide at about IS''. 'I’lie 
Maik pieciiutate is separated utter leu 
iiuiiules and waslicd witli water. 

Fi*tii>itatc . Sulpludos ol gold and 
(opper. 


V riie led hllrate fmiii IV ((3 to 8 c.e.) 
I' tie.iled lot hall .lU hoin with hydrogen 
sulphide, hctii'f iiK'ciucfide ln'oteil Alter 
boiling Die lii|iiid, the piedpitato is 
'•' lunited and w'a.shod willi water. 

iTecipitate : illiotlinin siiiplude 


VI. The filtiato from V. is bulled, 
"vuhsed with nltrle ueid, and ticaled with 
aiiunoma, and the blown piecipitato of 
ferric hyaioMdc i.s sepal uted. J'he Hll rate 
eii evaiKiratiori leaves a lesulne of iim- 
'uoiiium .salts, wluch me completely 
volatiUsed on heating. 


t>. 'Die pn-eipltato is e\trnoteil on the 
lilter with iinimoiiinm solution. A white 
preelpu.iie indicates (on .id<ling nltiic acid 
to tlie nitiatid .Sdivr um 

The daik rcsidui! on the llltcr is added 
to tiiut in .') 

5 'I'lie aiuinoiiinm ehlori<le luecipitate 
(to wlii< li ha\<- been added the .^isolublo 
lesidiles olitmned in 1 to o) is liealed in 
hydrogen luially at white heat The metal 
IS extracted with ililuto io/mu regw/, and 
j/liittiiuin ton IS detected in the concentrated 
soliilloii h> the toiniation of yellow iilati- 
num ammonnnu idilunde. 

'I'he insoluble lesidne is igiiileii with 
o’.i gini of .sodium iiitiute in a small spoon 
ol gold Ol silvei. Hulhfnium Is taken nji 
by Die iiised mass with yellow coloration, 
whilst, a l>luc msolulile le.sidm' indicates 
indiHin 

\ Tlu“ jnccipit.ite is e\<iiioiate<l with 
lij ui*ji Idol ic .acid, the lesldue dissolved in 
:» I (• ol w.der, ami Die solution s.itiiralod 
with hydiogen .sulphide. 

I'he sciMi.ded llocciilinil sulphide is 
i-v.ipoialeil with fiqHn regui. The holut.iou 
ol Dio lesKlue will eoiitam imlUtdium ion, 
which may be iletected by precipitation 
with nuiciiiie cyanide 

Any icsidiic cuntaiiiing Iridium is added 
to that 111 l>, 

13. The sulphide pieeipitale is dissolved 
la ililiite aqiui ri'gni, and the solution 
evaiioiutcd. The lesidue is dissojvevl in 
dilute hydioehloiK; aeld, ami the .solution 
exD acted w it h et hei 

Hold ton m.iv be deteited by the yellow 
colour of the etlieie.d l.i.vci, and l»y pie- 
iipit.iDon with siilplmi dioxide 

the snlpliule is pic*'ipilated ttom the 
.Kineous layer by means ut liydrugeu 
suliihide, and the precipitate washed ami 
Ignited. I'Jie le.snln.il u.xide is <-\tractc<l 
with dilute mt.iie aeld. Copinr im is 
mdieatcd by the lilne eoloiatlon obtained 
on tri'alnig Du; solution with ammonia In 
excess. Any lesidue insoluble in nitric 
acid i.s adiled to that in f). 

2. The sulphide |irecipitale is dissolved 
oil the llltei by means of hot dilute iit/uu 
and the .solution I'V.ii'oialed 'J'he 
icsldue when heated Willi <'umeiitlated 
hydrochloric acid gives a pink solution, 
wiilch indicates rhodium loii When 
heated with iiiercaptun Die solution becomes 
yellovv. Tiaces of iridiu/u ton may still be 
pn‘»cnt 111 tlio hllrate. 

1. 'the piecipilate Is ignited. Ferric wn 
is <lelecle<l as kiussiati blue in a liydro- 
clduiic acid solution of the piciipitute. 

Any insoluble lesidue whkli may bo 
obtained is added to that In k. 
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heating, into white stamiie oxide, and is attacked by chlorine and 
brotninc, even at tlie. ordinary temperature, with the formation of 
volatile chlorich^s or bromides. When heated on charcoal befoKj 
the blowpipe it forms a white deposit on tlie charcoal. The cations, 
stannous ion, Sn*', and stannic ion, fc?n"", and tlie anions, stannitcion. 
Sn()" 2 i and stannate ion, 8 n()" 3 ,coires[)ond respectively to divalent 
and tetravalent tin (cf. also JSec. 8 <H). The tendency to form cations 
is only very slight, Sn’"' being relatively stable only in the pn'scnic* 
of a considerable excess of acid. Jieiice a j)ronouncod tendency 
towanls hydrolysis and to the formation of colloidal ‘niodijimiions, 
which are oft<‘n very stable, is parliculariy clitiraderulic of tin com¬ 
pounds {cf. >S('c <S<S, 1). (.‘oncentrated hydrochloric a<id dissolves 
tin as stannous chloride, with tlu' evolution of hydrogim, whilst 
aqua according to the (oiubtions, dissolves it as stannous ami 

stannic chlorides, or only as stannic chloride. Dilut(‘ sulphurn^ 
acid dissolves it witli dilHculty, whilst the concentrated acid, wiicn 
used in excess, converts it into stannic sulphat with the simultaneous 
evolution of sulphur dioxide Vmy dilute <-ohl nitric acid dissolves 
tin slowly, without tlic evolution of gas, as stannous nitrate, while, 
ammonium nitrate is also formed. Moderatel} dilub' nitric acid 
readily oxidisi's tin, esjxscially on healing. Tiu‘ resulting white 
hydroxide, mdaslamiic acid, 8 n(()jl) 4 , is insoluhlo in exc<‘ss of 
nitric aiad.^ 

(a) Divalent tin, Stannous ion, 8 ii , and Stannite ion, .SnO''- 

1. fStanfious oxide (iiti monoxide), SnO, is a black or grey-black 
powder, which is converted into stannic^ oxide when heated in the 
air. Slarinous hydrv.ude is white. Wlien fused with potassium 
cyanide, stannous oxide is reduced ; it is readily soluble in liydro- 
chloric acid. Nitric acid, when used in exc'oss, converts it into 
insoluble metastannic acid. 

2. The starnwus salta are colourh*ss ; those of volatile acids arc 
deconijiGsed on ignition, and, when access of air is allowed, leave a 
residue of stannic oxide. Neutral salts, soluble in water, redden 
litmus, owing to hydrolysis ; those insolulile in water dissolve in 

1 The products of the o.xidation of tin with nitric acid vary greatly with tlu‘ 
tomperaturo and conditions of concentration (see Giuehn-Kraut, 7th ed., 4, 
253-254). In tho presence of iron (also of aluminium or chromium) nitric aci'l 
yields & residue of tin hydroxide, whicli is soluble in water and doubtless contain-^ 
ferric nitrate (F. 11. Van Ix-eiit, Chem. Zentr... 1891), 1., 101). When alloyed 
with antimony, tin is soluble in nitric acid containing tartaric acid (Czerwek. 
ZeiUch. anal. Chem., 45, 507). 
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hy<IrocliIori(5 acid if they havi; not been ignit(‘<i. Staimous salts 
atti’iict oxygeji eagerly from the air, and are converti‘d partly or 
(■(»ni])letely into stannic salts; hence stannous compounds are 
stretng rediicitig agents. Stannoi/s cliloride also al)sorbs oxygen 
both in the crystallnH^ condition and in solution, Ix'ing converted 
jiito stannous ox}cldoiide ami stannic, chloride. A solution of* 
stannous cliloride therefore soon heconu's turhid, if the bottle is 
opened ami little fnn' acid is prestuit, and fni' this KMson only freshly 
piepaied stannous chloride dissolves, forming a clear solution in waU^r 
(lice from air), whilst stannous chloride crystals which liivve been 
ke|it only form a clear solution in water containing h> drochloric acid, 
in the presence of tartaric, acid or of aniinonium chloride a turhidity 
IS pioducej, owing to the formation of (complex ions. Stannous 
chloride is soliihlc iii elluu- (dc Jong, Znlsch. mud. ('hcni., 41, otlG). 

3. Hydrogen sulphide proilucc's a dm-k hrotvn precipitate of 
lujdridal .sh/'/rnous stdjdndc, SnS, m ncutrul ami (icid solutions, but 
not, or at all (“vmits imompletel\, in alkaline solutions. Tlie 
j.iesiuice of a very larger amount of free hydrochloric acid inkihits 
(lie jiivcipitatiun. This is also preventi'd by the presence of much 
o\ahc acid or aniinonium chloiide (('huke, see. 1.*)). H>tnnm)UH 
^f/lphidv IS oidif siujidhjy (/ <d <dl, soluble m uiiuuouimn suljdiide, but 
disbolres rcaddif ns aunuoinutU' sidphostiouudc m ijellow luntmmum 
sidphule voulaitihuj pnbjsidphides, the nition SiiS^'j bcituf formed. 
Adds precipitate yellow stanme sulp/tide, SnS 2 , mixed with sulfiliur 
fiom this solution. Stannous sul[»liide is soluble in potassium or 
sodium hydroxide solution, eoiujilete solution being piomotiMl by 

^ Sodium ]K‘roxide solution dissolves stannous sulphide as 
sodium stannati'. Jlot liydrueJiIoric aeid dissolves it \Mlh th<^ evolu¬ 
tion of liydi'ogen sulphide ; hoiling nitric acid converts it into 
insoluble nietastaunic acid. On iy/idf/uf stannous sulphide in a 
current of chlorine, or with a mixture of r> jiarts of ammonium 
chloride ami 1 part if ammonium nitrate,’ or m a current of 
bromine vapour containing carbon dioxide (Jannasch and Rose, 
y^tdsch. anory. CItem., 9, lb4), it volatilises completely, being mean- 
i^hilc decomposed. 

4. Amnmiium thioaccUde precipitates stannous sulidiide from a 
^<dution of stannous ion containing hydrochloric acid. On heating 
llio liquid the precipitation is (ximplcte, 

‘ If the latter operation is carriocl out in a glass tube fused together at tho 
eoltoin, or in a current of air, the tin will bo found in tho subhniate as stanniu 
vlilonde. 
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D, Sodium thiosulphate does not at first prodnco a precipitate 
in acid solutions of stannous salts, but sulphur dioxide is liljerateci 
to sonic extent. Not until after some time is a white precipitate 
formed ; this precipitate, consisttnu of a mixture of stannic sulphide, 
and stannic hydroxide, rapidly .subsides. If the stannous solution 
‘was very acid, tlie ])recipitation is only complete when the liquid 
is suitably diluted and a large, excess of tliiosulphaic addeil. Sulpliiir 
dioxide is reduci'd by .stannous i-liloride, stannic chloride and hydrogen 
suljihide being formed ; 3Sn(!l24fifIt'l ! S02--3Sn(d4-l ‘ 21 f 20 -| ILd. 
8 ince the hydrogen sulphide acts both on the solution of the tin 
salt and upon the sulphur dioxide, stannic suljihide or stannous 
sulphide and sulphur may bo precipitated according to the conditions 
(Donath, Zeilseh. tnud. Ohem., 36, (i(i3). These reactions may also 
take place in a .slightly acid .solution through the action of sodiinn 
thiosulphate. 

0. Ammonium sulphide also jn-oduecs a ju-ecijiitato of hydrated 
stannous suljihide. 

7. Potassium or sodium hydroxide, ammonia, and also am¬ 
monium carbonate, give a ruhtimuous irhile precipitate of slniinoai 
hydroxide, Hn( 011 ) 2 , irhirh. dissolres readihj iii excess of polassinm 
or sodium hydroxide soluliou, with Ote formation of alkali staiiiiili'. 
Sn(OK) 2 , but is insoluble or, at most, only very slightly soluble in 
excess of the other precipitants. When the alkaline solution is 
rajiidly evajiorated, alkali stannate, SnOfOK)^, remains pernuiiientl) 
in solution, whilst metallic, tin is jirecipitated ; if, on the other hand, 
the solution is slowly evajiorated, anhydrous black stannous oxide 
separates, and this may also be precipitated merely by leaving the 
alkaline solution exposed to the air. Tartaric acid jireveiits the 
precipitation by alkali hyihoxide.s or carbonates. 

8 . On adding a few drojis of a solution of bismuth nitrate to a 
solution of alkali staiinite {obtained as described in 7 by the addition 
of excess of alkali hydroxide to a stannous chloride solution), a white 
precipitate, rapidly luiinny htaek, is obtained (ef. Sec. 76, H)- 
The reaction is very sensitive. It dejicnds iijion the reduction of the. 
bismuth hydroxide first jirccijiitaled, and the conversion of the 
stannite ion into stannate ion, SiiU" 2+0 --SnO" 3 . 

9. Auric chloride jiroduces a brown, reddish-brown, or even a 
purple precijiitatc (cf. Sec. 84, 8 (i)) in solutions of stuiiiious chloride 
or of a stannous salt to which hydrochloric acid has been added, 
according to whether the solution contains more or less staiiiuc 
chloride or is more or leas concentrated. 
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10. If .stannous oliloridc or a solution of a stannous salt mixed 
liydi'ocldorie acid is added to exci’.s.s of mercuiic Chloride 

.solution, a white precipitate of mercurous chloride is obtained: 
elluCli; j-.SnCl^sssllg^C’la+Sntl^ (c/* Sec. 74, 0). 

11. It a Inpiid containing a ntuniious salt and hydrochloric 
,H id IS treated with a mixture of potassium feiricyanide and ferric 
chloride sohitniiis. a precipitate of l’ru.s.sian blue is immediately 
.iIjIainiMl, owing to the. reduction of the ferric lerricyanidc, 
l'c| l'V(lh\)cl to fi‘i lie Icrrocyanidc, hV 4 [h'e((:N)ol 3 ; 

lKclKe(('iN)<,|-| 411(1 i L'Sn(‘L=-hV 4 lh’e(CN)„l 3 +ll 4 LFe(CN)oJ-| aSuCU 

Tins reaction is c.xtremcly seiLsitive, but is only decisive in the 
aliseiice of other reducing sulistaiie.es.’ 

11. A .solution of ammoninm iiwlybdalt' containing sulphuric 
arid is reduced li\ stannous compounds, with the, prodiie.tion of a 
W'o colundian. The reaction is sensitive, but only decisive in the 
■di.M-ni'c of other ledueiiig agents. 

I-'! Oxalic acid produces in neutral or slightly acid solution a 
gi.iiiiihir while precipitate' of staiiiioiis o.xahite, Sii('A) 4 . which 
I'.ipidly subsides (Distiiidum from stannic salts.) t'onceiitraled 
solutions \iehl a }iieei[iitate, immediatel}', dilute ones only after 
Some time. 

AiiimaiuuDL chlorulc jirercnis llie prccipitaiian. .1 sohition of a 
aiiHiiiiiis suit, ir/iich has been lifaint ii'ilh aniinoniiuii. (•htoniU’ and a 
buiji- aiiiiiiiiil (ij'iiiahc arid d-iirs nal i/irr a pun pilule with hydroijen 
sidjihidr. 

^Ihjdiaijnt prro.i'iiir preeijiitati'S tlie whole of the. stannous 
Ion as white, lloeeiilent slannir hi/dio.ialr from a hot solution of a 
.•'liiiinoiis .s.ill, which has been neutralised with the smallest possible 
amount ol alhali hydro.xide (VV. h'roiich). 

b"i. Zinc [ireeipitate.s mclatlie im imm solutions of stannous salts, 
wliieh have been treated with not too much hydrochloric acid; the 
I'leeijiitate is in the lorm of grey Hakes or a sjiongy ma.ss ; if the 
lest is earned out in a platinum basin, the platinum will not be 
stained black. (Distinction from antimony ion.) The separated 
tin di.s.solves m hydrochloric acid after removal ol the zinc. 

lb Dll heating a hy'drochloric acid sohition of a stannous salt 
With a little aminoniurn carbide, a characteri.stic odour of methyl-tin 

^ Ferric chloride and potassium nitrate may bo used in an aiialogoiia manner 
t'l tile detection of .stannous compounds (Blum, Zcitsch. anal. Vhena, 44, 11). 
Ill lliat case a blown coloration is produced (c/. Bee. til, 12). 
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trichloride will be j)roduced at the moment of boiling (Ililpcrt and 
Ditmar, Bcr., 46, 3738). 

17. If Htannons compounds arc mixed with sodium carhoyialr 
and a little hoxu'y or better, with a mixture of equal parts of sodinxi 
carbonate and potussnnn cij<(nide, or with sodium formate, and ex{)os(‘d 
in a hollow on charcoal lo the inner blowpipe flame, a inalh;abl.‘ 
granule of nudallie titi will be obtained. 'IMie best way of recognisiiij 
this is to grind np the charcoal vigorously with a little wate,r in a 
mortar and to wash away the jiarticlos of charcoal. For further 
identification, the metallic tin may be dissolved in hot hy(ho<ddoi h; 
acid, and confirmatory tests applied to the soiulion. 11 the tin i.-, 
more strongly heated, a white di'posit of oxide will be formed on tin; 
charcoal, yince the redmdion liefore the l)loW])ij)e is only successfiil 
with a good iMHlucing flame, it is freapienily preferable U) fuse the 
substance with sodium carhomite and potassium cyanide in a poroelaui 
crucible. 'Fhe rediudioii may also be. readily elhicted on a charco.d 
stick (p. 88). 

18. On a<lding a trace of a tin (compound to a borax bead 
coloured' fainlhi blue with eupne, o.nde, ami then heating the beail 
in the lower reducing area of a non-luminous gas llame (jn 82), it 
will bec-ome reddish-lnown to ruby-red, owing to the reduction of 
the divalent co})iiei' into the monovalent eomlition {ef 8ec. 75, 22). 
This reaction does not take ])lacc without the intervention of a tin 
compound. 'ITie iiresenee of iron intorfmvs with tlu' reai-tion, since 
it produces a red coloration oven in the al)scnce of tin (Lutz, Zeitsch. 
anal. Chem., 47, 17). The blowpipe tlaim^ cannot replace the gas 
flame in the test, nor can the upper reducing area of the latter iiamc 
be used, since in cither case the divalent copper may be reduced l<i 
the monovalent condition witliout the action of tin. 

\\). With regard to the microeJtemical detection of divalent tin, 
see llaiishofer, Mihoskopiscke Reakfunien, p. 153 ; Behrens Kley. 
Mikrockenmeke AiKdijsc, 3rd ed., p. 100; 8treng, Ucr., 22, Uef. 31 
Sec also Sec. 88, it). 

Skc. 88. 

(p) Tetravalent Tin, Stannic ion, Sn- ■, and Stannate ion, SnO^a 

1. Stannic oxide, SnOo, is a white to straw-yellow powder, whicli- 
on heating, becomes transitorily brown. When heated with con- 
centrated sulphuric acid or fused with potassium hydrogen sulphate 
it yields compounds from which winter precipitates the whole of the 
stannic ion. Other acids do not attack stannic oxide; when the 
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oxi(l<' is heated with ammonium chloride, the tin volatilises as stannic 
chloride. 

Tetravaleiit tin forms a series of hydroxides (all white) of different 
iiiolccnlar weiolit and varying ii\ tiieir degree of hydration, accord¬ 
ing to the amount of water in their environment. Those of mo.st 
frer|uent occurrence are stannic lii/droxidc. stannic acid (orthostannic 
iii'id, a-stannic acid), and mchistannic acid (|8-.stannic. acid), w'hilst 
jxirastannic acid (y-stannic acid) is also known. According to 
Kiigcl (t’om/V rend,, 124, "Ofi, and 125, Ifil, (;,51, 70‘.l), these com- 
|iipunds have the following formuhe: Air-dried stannic acid, 
II ,Sn().,,lLO ; nietastannic acid, ILSnot>1 nhllaO ; yarastannic 
,i.mI, JLSn5(),|,71l Alter (Iryin^i in varuo these eoiiijumnds 
}iav(‘ tlu‘ fdllowijiii formiilu' respectively : Jl^SnOy, -ll2^Hr>(>n,4JU<>, 
ntitl ir2Siir,Of|,2no(). All three have hoth aeid and sli^ditly l)asie 
I l;;ir;ict<‘ristics. Stannic, hydroxide (slannic acid), ]treci[»italod bv 
:iiK:di livdroxide from stannic c.hloiidi' solution, is readily soluble 
m li\drocliloric acid The hydroxide (metastannii- acid), obtained 
hy the action (d nitric acid on metallic tin, docs not dissolve in 
li\drocliloric aciil When boiled \vitl\ hydroclilorie acid, liowevcr, 
)1 M converted into metastannic chloride (aecorilinyf to .Kngel, an 
owchloridi', and thendore ^lerliaps more, apjno- 

piiat(‘ly termed stannyl chloride Treadwell), wliicli is sparingly 
soluble' in hydrochlorii' acid, and after ilecantation of tlie excess of 
acid, ilissolves in water to form a solution, whiidi is usually opale- 
ent ' The phenomena described above have, to a large extent, 
hern (‘xplaini'd by the colloidal investigations of reei'nt years. For 
cxamp^i', W. iM(‘e.l<lenl>urg - lias shown that the varying size of the 
I'articles is a fundamental eausi' of the differences between the 
various stannie aiuils. anil that iijion this depends es.senlially the 
ciipaeaty of stannic achl gel to ri'dissolve {“ jieptisation ” capacity), 
Xsiyinoiidy and his pujiils have found that a second cause is the 
dillerence in the distances hy which the particles are separated. 
A «oni]>lete tin'ory of the lacts. however, in tins coiujilii ated branch 
of science has not yet been formed, and as Zsigmondy points 

* In aocordanco witli tho fact that it nmy bo roganlod as a compound of 

oxide with stannic aciil (•JSnC)n+ll 2 Sn() 3 ), metastannic acid may bo 
OdiiYcrb'd by tho energetic, actirai alkali and also by that of hydrochloric 
it'id into oithoHtaninc acid, (’onversoly, ortho.slannic acid compounds in 
dilute solution are convcrtcil more or loss completely into metastannic acid 
<'>m])ound8, in consequence of hydrolysis. 

* ZHtsch. anorg. Cliitn., 74, 207. 

Zsigmondy, KoHoidchcinie, 2nd ed., bcip/.ig, JOIH, j). 127 </ ■''•q., ami 
]>p. 2118-203. Further refcrcuiccs an* given there. 
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out, this can only bo Ooiie by a simultanoous consideration of boili 
chemical and colloido-clieniical })Toc<‘sses. I’or further particulars 
reference may be made to the literature on colloidal chemistry, ami 
in particular to Zsigmondy's'c(>m])rehensive text-book alreadv 
mentioned. 

2. The siannic salts are (‘olourless. Solutions of the neutral 
salts redden litmus in consiupience of hydrolysis Since totravalonl. 
tin has only weak basic properties, the hydrolysis proceeds so far 
that the salts are decomposed by water, with the separation of stannic 
liydroxide (or basic salts). The chemical behaviour of stannic 
salts depeiid.s entirely upon their pr(‘viou8 treatment, and accordi?\fflv 
two series of salts, a- and j8-, or ortho- and metastannic acid salts, 
corresjKmding to the two main types of stannic acid, known. 
In the case of stannic chloride hydrolytic dissociation in the cold 
only takes place when the solution is very dilute. The salts c.orre- 
spondinj^ to volatile acJds are di'composeil on ignition and leavi; 
stannic oxide. Anhydrous stannic chloiide, SnClj, is a volalili* 
liquid which fumes stronj^ly in the air. It dissolvi's in cold wat(T 
to form a solution of stannic chloride. This does not <five, a pn*- 
(•ipitatc eitlicr with concontTati'd hydrochloric acid or (unless it is 
very dilute) with sulphuric acid, and docs not become yidlow on tin' 
addition of stannous chloride, whori'as metastannic chlorich* is pic- 
cipitated by com^ontratiMl hy<ho(ddoric acid and by sidplninc acid, 
and its solution ^dves a yidlow coloration with stannous chloride. 
Dilute solutions of citlier chloride decomposed on boiling, that 
of metastannic chloride with especial rapidity. 

3. On fusing stannic oxides, stannic acid, or metastanryc acid 
with alkali hydroxides, alkali siunnalcs, soluble in water, are jiro- 
diiced ; acids, even carbon dioxide. ]>recipiiat<‘ stannii'. hydroxide 
(stannic acid) from the solutions of these salts. When fused with 
alkali carbonates only a [lortion of lh<‘. stannic oxide is converted 
into alkali stannate. 

4. Hydrogen sulphide in (‘xccss i>roduces in concentrated 
solutions of stannic chloride containing a moderate quantity of fiec 
hydrochloric acid, a permanently pale yclioiv pn^eipitate ol stannic 
sulphide, t>nS2, containing stannic hydroxnle. In tin* ease of dilute 
solutions or of those containing less acid, the })r«'cipitale is nut 
always immediately formed, and only gradually Ix'comes intense 
yellow. Very dilute solutions not containing free acid yield alter 
some time a precipitate, whicli is white at first and subsequentIv' 
yellow. Heat promotes tiie [irecipitation. 
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AlhiUne solutio9)s do not ^Wo. a ])re(^i])itat(‘, aiul tlio prosonce 
uf a l<ir()i‘ anionni of free hy<lroehloric acid also prevents the 
|.l■i'{•ipitation. In the ])ros(‘iHe of otfan* metals which are ])reci})it- 
,il)le. by hydrogen sulphide, procip.tates wliicJi an' frequently of a 
(■}((■ lacAeiiAic brownish <-o(our, jirobablv sulphostannales, are pro- 
dined in solutions of stannic salts. ll\drog('n sulphide docs not 
|ii<‘cipitatc tin from many solution.s containing the tin in complex 
inns h\>r <‘xampl<'. o.ndic acul, when adih-d in sutlieient quantity 
(:{,") to 10 parts of oxalh^ aci<l to 1 part of tin), preva'nts the pre- 
(ipitation. (Distinction from antimony and arsenic* ions. Clarke, 
liCsscr) Jlydiodiioric acid also ifdiihits the' jneeijatation of stannic 
sulpliich' (but not that of stannous sulphide) (luanz Fischer and 
Tliiele, Z< (dto/if. ('fie)/).. 67, o()2). (Distiin tion from antimony 
when pTC'sc'iit in ihe trivalc'iit condition. \je llc.iy W Mc^Cav, 'riiieh', 
'/jithch. anal, ('hem , 51, 680, <182.) in like manner the addiiion of 
a liiigc' amount of [diosphot le /tenl (an c‘c|nal volume of a solution of 
s[) gr. 1'3) ]>revents the jirec qiitation of tetrnvalent, but not that of 
ihralent tin ion. (Distinction from antimony ion. Vbirtmann and 
Mctzl. Zedseh (and. Chem.. 44, r).q2.) Thr ptempilates produc.cd by 
h'ldioifcn siiJ}i]ndi' dissolve somewhat sp.iiingly in ammonia, solution, 
are nearly iiisoluhle in cold or slightly lieated ammonium carbonate 
Mihition. a.nd uisoliilih' in potassium bisulplntc' solution, hut dissolve 
H'idll/f in jiotassium or .sodium hydroxide solution,! m sodium 
|HTo\ide solution, and solutions of <dl<di aidphide (incomjilctely in 
aiiunonium nionosnl])ludc, conipl(‘t('ly in ammonium polysulphide 
solution), in hodivy eoneentraled hydiocldonc acid, in oxalic acid 
schition, and m ayua teipa. 

The precipitab' juoducc'd by hydrogen sulphide in metastannic 
i.lilon(le solutions (stomiie sulphide containing metastannic acid) is 
sh.wly iormed, especially in dilute solutions; it Ix'couh'S more or 
less lin»wn when allow<'d to n'luain Im'Iow the li({iit(l Sodium 
h\dii)xid<‘ solution in excess dissolve.s stannic sulphide liom it, 
h‘aving an insolubh^ H'skIik' of sodium metastannata* (Barfoed). 
*’<mcv)itraied nitne acid converts all the pn'cipitates produced by 
hvdrogen sulpliuh' into metastiuin^e oeid. When lu'ated in a ritnerd 
"J rhlonne or of ea/ho)t dtoiide ehoHied with bronunr the pi'<*eipitatcs 
hihave like stannous sulpliide (See. 87, 3), as is also the <ase when 

' Lime-water in exce.sa converts stannic sul]ihj(!e inlo nn iiiHoluljkr white 
(proltahly stannic hydioxah*). L)islincti<«n from antinouv’ and 
(,lio sulphides of ivliK'li are Holnl)le m lime-water (Darner, R 
Minhur^, Znf.uh. anuL (Jhnn., 39. I7g 
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they are ignited with a mixture of 5 parts of ammonium chloride 
and 1 part of ammonium nitrate. On fusing the precipitates pro¬ 
duced by liydrogen sulphide with .sodium nitrate and carbonate^ 
sodium sulphate, siantnc o,ru/e,'and a little sodium slannale are 
obtained. Tf a solution of the precipitates in jHitassiuiii or sodium 
hydroxide solution is boih'd with the ox/dc.s' d/ htsmuth or copper tin‘ 
sul})hides of thc.se metals are formed, whilst alkali .stannate nnuHins 
in solution. 

5. Ammonium thioaeeiate precijiitatos stannic sulphide from 
hydrocliloric acid .solution ; the preeijutation is < omplete on heatiu'i' 
the li(juid. 

0. Sodiunn. thiosulphate prodiic(“s a while preiipitate of sfnnnic. 
sulphide containing stannir hvdioxide in an acid solution of staniiK' 
chloride. 

7. Ammonium sulphide prerip/tales yellow hydrated stannic 
.sulphide, which dissohrs readily in e.rccs.s of the precipitant. Ands 
rc-'preeipilate the stannic salphnlc unchanyed from this .solution. 

8. Potassium or sodium hydroxide produces white Jirec,ipital.es 
of stannic hydrondcs, u adthj soluble w c.rcess if the precipitant, iii 
stannic chhiklc solutions. Potassium hydroxide precipitates from 
metastannh' chloride, metaslamiic acid, \\ hich is soluble in a moderate 
excess of the pr<'ci])itant. If a larger excess is added, ])otassium 
metustannate so])ara(<“s ; this is only sjiaringly .soluhle in ])otassium 
hydroxule solution, but is ]C'(jisso]v(‘d by water Sodium hydroxide 
produces in imduslannic chloiide solution a white precipitate of 
sodium n'U'tastamiate, which <locs not dissolve in excess of sodium 
hydroxide .solution. Tarlaiic acid pr<*vents the j)re<‘ipitation i>v 
alkali hydroxide from stannic chioihlo solution, but not froiii meta- 
stannic chloride solution. 

Ammonia l»ehavcs like potassium or sodium hydroxide, 
except that tiu' precipitate (lo<‘s not dissolve' in (‘xccss of the pic- 
cipitant, even in the cas(‘ of solutions of a-stannic compounds. 

It). Potassium carbonate [)roduces a white pna-ipitute in solutions 
containing a-stannic salts. The jina-ipitaii* ol stannic hydro.itd< 
containing })otassium hydroxide dissolve.s in cxces.s of the pre¬ 
cipitant, but separates again on standing. The ])rccipitate pro¬ 
duced by .sodium carbonate is insoluble or, at most, very sparingl) 
soluble in I'xcess of the precipitant. 

Tlic white precipitates picxlueed by alkali carbonates in solution' 
of metastannic chlorhle do not dis.s(dve, or do so only to a sligh' 
extent in oxce.ss of the precipitant. 



PKc. 88 


TETRAVALENT TIN 


337 


11. Sodium sulphate or ammonium nitrate (as indood most 
Ill'll) nd alkali salts) [irceipitatc the whole of llic shiviiic ion as orfho- 
or ludoAunmc neid from solutions of a- iriid fS-.slunm'c sallx, jirovided 
Unit they are not too acid. Heat’promotes the precipitation. In 
this ease it is a ipiestion of the separation of the stannic acid present 
(uliieh has heen dissociated in conseipienee of hydrolysis), finst in 
(olloidal solution (hydrosol), and then in the form of an amorphous 
inecipilate (hydropel), owinft to the flocculatinf; action of neutral 
s.ills (electrolytes) dissociateil into ions {if. pp. .'i.") and 11). , 

Id Metallic zinc added to stannic chloi'ide solution containing 
lice hydrochloric, acid ])ic<'i|)ilate.s metallic tin in the form of emy 
Hakes or as a. s|iouey mass. If th(' test is made in a, platinum hasin, 
till' latler is no/ stained hliick. (Distinction from antimony ) Afler 
ieinoval of the zinc, the precipitated tin rc-di.ssolves in Indrochloric 
add (Distinction from antiinonv.) 

1.1 Metallic, iron lednees stannic chloridi' to slannon.s I'ldoride, 
hill does not proci|iitate tin (Drstinctioii from antimony ion.) 
illclallic I'ojipcr ha.s tlie same ellect afti'i' lone-eontimied lioiliiif; as 
iron in the cold 'I'he resiiltinp .solution jirec.ipitates mercurous 
eliloiide from a solntion ol nu'icuric c.hloiidi' (I’attinson Muir). 

II iSlaunic compounds are not reduced hy hydroxylnminc or 
lojih iizinc. 

I.h. When stannic compounds are evaporated to dryness with 
non and e.xcess of i.otlnnn, hydro.!'nil' odntion and the residue lu'ated, 
a lilaek spol IS left. (Distinction from slaniious comjiounds ) 1 

Iti When heated with alii'nrrnoi/n i‘iiih/di\ In'droihloi'ic acid 
.s'liiitioi^s oi teliiiMilenl tin, like those of divalent tin. \ lelil UMt/iyf 
III' hn-h/oi id<‘. whiili has a cliaiai Iei isl ic odour {if. Sec .S7. ItJ). 

IT When healed lieloie the blowpipe or in the gaS thinie the 
innipounds of tetravaleiit tin hehavc in the saiiie way as those of 
ihvalent tin {o/ ,Si'c. 87, 17 and 18). Stannic o.xide, is akso readily 
rediiei'd when fused with potasnntni l■yllnld^' in a plass tiihe or crucible. 

18 If a glass rod, or better, a nairow test-tube is dipped into a 
soliilioii of stannic chloride containine free hydrochloric, acid, and 
llieii healed in a llunsen ga.s flame, a jiah' blue coloration will be 
inipailed to the part of the flame ill iinnKMliate contact wif li the 
klass (Sehmatolla., t'/icm. Zrit., 25, -ICd). 

Ih I'or the inicroihi’miral di/ic/ton of tetravaleiit. tin, see 
ll.nisliofer, Ahiros/co'pi.^c/ic Rial/ioncn, ji. 15G ; fiehreiis-Kley, 
Rihochimi.who .Iniily.so, 3rd ed , |i. !)!) ; Streng, Ihr 22, Ref, 34 : 

' Reichnrd, Pharm. ZeniralhaUf, 47, 301. 
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Schoorl, Zn'tsch. aval. Cheni.y 47, 379, 381 ; <'f. also Cnneiin-Kraut- 
Friodheiiii-reters, Ihmdh. avonj. ('hem., IV., 1, ti08, 975, KXK; ; 
Ucnigcs, Zcitsch. anal, Chcm., 38, 309. 

8e('. 89. 

(b) Arsenic, As, 74-oo. 

Ar.saiic is hivalevl aiul prnlaralrnl. Klaitieniaiy arsenic is bhieL 
in Uif: microcry.stalliue eonJilion (.1. W. Ji(4.gers), but in the (listin(;Uy 
crystalline coialitiou it is t>Uii-fjie'ij and liiglily lustrous. It retains 
its lustre in dry air, but loses it in moist air, Incoming su|)ei’lLria[|y 
oxidised ; lienee cumiiiercial arsenic a])pears dull, with a bronze- 
coloured shimmer on the lacels of its crystaLs. Arsenic is not very 
hard, is very brittle, and volatilises above 300'^ under ordinary 
pressure ■without previously melting. It nu-lts at about 817*^. The 
yellow vapours first formed in the air on volatilisation have an 
extremely clutiiKderistic^uA/iC'/v/o; odour, which i.s due to the resulting 
yellow modification of arsenic, which is unstable in the light. T/n’.w 
vapours are poisonous. If arsenic is heated with free a(a;(\ss ot un¬ 
it burns—with a Iduish flame if strongly heated- producing a white 
smoke of arsenic tnoxide, which forms a de]>o,sit on a cold surface. 
If it is heated in a tube closed at the bottom it volatilises for (he 
most })art unoxidised, whilst if healed in a current of carbon dioxah' 
it volatilises (completely ■without oxidalion, and is deposited as a 
sublimate {arsenic mirror) above or layotid the Iu'uUmI place. Tins 
sublimate is usually grey and lustrous (cjystalUne) at the healed 
place, whilst further on it is black (mierocrystalline). W'lom it 
heated iii a cuiTOiit oi liydrogon, a more volatile yellowisli-hrow ii 
sublimate is also formed in addition to llie ais(‘nic mirror (accordiiij. 
to Ketgers, solid hydrogen arsemdi'). According to Kcckleben 
Scheiber, and Strauss {Zeilseh. anonj. (.'hem., 70,255), tlicyellow t)ai 
of tlie mirror is also elemeiilary arsenic. Arsenic is slowly oxidisei 
to trio.xide wiien in contact with air and water. Hot dilute nitri 
acid partially oxidises it to trioxide, which is only slightly sohibl 
in excess of acid, whilst, strong nitric acid partially converts it int 
arsenic acid, it is not dissolved by liydrochloric a(dd or dilut 
sulphuric acid. Boiling (concentrated sulphuric acid oxidises it t 
arsenic trioxide, witli the evolution of sulphur dioxide. It is leadil 
luble in aqua reyia as arscniic acid 
ext 
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(a) Trivalent Arsenic. 


'i’rivuK'nt arsonic occura l)oth as cation (arsenious ion), As"*, and 
albo as anion (arsonitc ion), 

1. Aisntic trio'xidc, As^O^, or As 4 ()g (arsenious anhydride, frc- 
(jiK'iitly also termed ar. rnwas acul in accordance witli the older 
iionieni laturc ; white aiseiiic), is my pot^oaous. Tii the aiuorphous 
coialition it is a colourless, tiansparent ^lass-like mass, and in tin* 
(r\slallme comlition it is a wliite mass, ri'seniljlin;^ porcelain, or 
ui c urs in well lormed crystals. When ground up it has the appear- 
iime ol a lieavy, sandy, while [lowdi'r. It rolntdiscs, a'hcn heated, in 
iJiile odoa/lrs.s ■Kipoat,'!. If the lieating is ellia-.ted in a glass tube a 
Mililimat<‘ coiisisling ol octahcilra and lelialicdra is obtained. The 
icsmnbles a iatly slll)^tancc in being moistened only with 
<lilli(ulty b}' water It 
is <ml\ slightly soluble 
III cold waler (the cry- 
st.dlme loi m in 80 and 
llic vitreous lorm in 2d 
ti;nls). but <lissolves more 
.■asily m hot water. The 
solution shows only .i 
.'•liglit aeid reaction it 
IS dis.^oKed in consider- 
«ili!e iiii.intil) as aismnle 
mil |jy |.o(.issium and sodium liydro.xidi* solutions. Jlydroelilonc acid 
iiibo dissoKes i( fo a considerable extent. It is dissolved as arsenic 
.Hill lty*b(uhiie aijiat leijia Arsenic liioxich' is fnapiently used as a 
rediaiiig agent,, llydrogim m the nascent condition naluces it to 



elriiiciit.ii_y aisciiic. (see also 12). If a (ji'ttnule of arsvinc Irionde 
(") jdaeid m the pumt vf a diatvn-oul (jla^s lube, (Fig d2), and above 
a iragllieut of charcoal (h) obtained by cutting frcslily-ignited 
ii'tiud ritmciiul. and lirst the < harcfud and llieii the arsenic trioxalc are 
healed to Ignition Icnipmatmc, th<- \apour.s of tlie, arscnie tiioxide 
'mII he reduced by the glow'ing cliarcoal and a mirror of elementary 
fU'-ooc formed at (c) ; and this volatilises and emits the garhc-like 
odour, when the tube is cait oil between e. and 6, and heated in an 
^mhii,.,] position, so that e is upijermost. 'I’liis is tlie most simple 
^nd trustworthy method of identifying pun‘ arsenic trioxide. 

- Hie aisemtes (salts of arsenious acid) are decomposed for the 
laost puit on ignition, lieing conveifed either into aiscme. which 
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volatilises, and arsenate (salt of arsenic acid), or into arsenic itioxide 
and metallic oxide. Of the arsenites, only those of the alkali metals 
are soluble in water ^: those wlduh arc insoluble in water arc, dissolved, 
or at all events dccom|ios<‘d, by hydrochloric, acid. Anhydrous 
arsmk) Iru'liloridc, Ast’kj, is a (a)lourlcvss volatile liq\ud, which fuiju.-s 
in the air, and is miscible with a small amount of water. On th(‘ 
addition of more water it is dccoin[>osed into arsenic trioxidc, ]iail 
of which separates, and li 3 'drochlori(; acid, whilst the remainder of the 
arseii'ic remains in solution as arseniteion. (}u li<(i(uuj(tml(’V(iji(ir(Hiii<i 
a avluliov of (UM'me liio.udv in i/ijdiocfdonc <trid, nrarmc Inv/dort'li' 
rolaldises tnl/i (he liifd>oii< n cldotidc. W hen such a solution is Ic‘a1' <l 
in a distillafmn ajiparalus, the arsenic is obtained in I he disliilali' 
containing h^alnx hioiie aci<l. }>f/ rejirnh'd dt.'-lUlalion oj the sohilmo 
with the addition oJ fresh iffianlilies of hydrochloric acid, the arsenic mnrj 
he quaidifaln'ely distilled. 

3 . Hydrogen sulphide Iirodaees rinmcdudely 'in acid solutions <>f 
trivalcnl arsenic a biiijlit ytlloic precipitate of arsenic hisnlyhid' 
(arsenic sulphide), AsoSj. The comphiie jire.cupitation is not pic- 
vented even by a large excess of conc< n(rated hydroehloi ic acid. An 
aipieous solution of arsenic tnoxide gives only a \ellow coloration 
with hydrogc'U suljdddi', owing to tho formation of colloidal arsouK 
trisulphide, witliout fornimg a pr(‘eij)ilate, and aqueous soliilions of 
tho neutral alkali arsenites also yield no pr<‘eij)ilatc. If, howeviT. a 
strong aei<l is udiled, a luight yellow pri'cipitate is at onc(‘ (detained - 
No piecipitatc proiliicrd 'in a/kalinc sointuuis. 

'The precipitate <f arsrnic (nsulidiide is uipidly and' con/ph'lA'j 
dissolvi'd hy solutions <f alkali hydro.ndi's, alkali ciirhonatcs, ai^d all'ih 
sulphides. Kreslily jireeipitated arsenic tnsidphide is also .soluih' 
in alkali hydrogen sulphites (NaJ18(.);{) Atsenic tnsulphidi' i'' 
practically insoiuhle in iivdroehiorie acid, even when boiling an'l 
concenlraled.'^ It is readily decomposed and dissolved by boiling 
nitric acid. 

On fusiny aiscme irisulphide intli soilnun euihonute and' soilonn 

* 'Pho solutions aro parlially u\i<li'C(l on standing, witli tlio torniatioii of 

arsenate ion (I’licdlK'iin .tnrl .Micluwlis, Zuiseh. aiud. 34, 04J). 

* Certain colloiila [c.ij- gum aralue) jirevent this lloeeolation of arseiiu' Ui- 
Kulpludo (Ijefort ami ’Phjhault, Zcitsdt. anal. (Ukuk, 22, 237). On tlie oliui 
hand, wo can only eonlirni the statement of Npilier (./. })r<ikt. Chem., 73, 3'.') 
citric acid prevents tlu^ preeipitalion hy hydrogen siilphido, even in the lU'"' 

of another free acid, in ho far hh it ajiphes to very diluti; solutions. 

“ After long continued l^ulnig in an ojK'ii %esscl a considonvhlo aiuoiud e 
nrsemc tiisulplmle (hs.solves ni dilute hydrochloiic acid, or oven in water, well 
the evolution of hydrogen sulphide. 
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nitnilc, sodium ammalc and sodium sulphate arc obtained. On 
luxating it in a current of chlorine or with a mixture of 5 parts of 
aiiuuonium (^jloruh; n,nd 1 part of ammonium iiitruto in a glass tube 
through whi(‘h passes a (uirrent of air, it is complofoly volatilised. 
The arsenic will b<‘ found as arsenic trichloride m the sublimate. 
\\ hen a solution of arsenic trisulpliidc in ammonia solution is heated 
uidi hydrogen j)croxiile in exc('ss, a- clear solution coiitaining arsenate 
Kill and suijiliati' ion is olitaim'd On boiling a solution of ar.scnic 
lrisiil|)Jiide 111 sodium sul[>hido solution, or in potassium or sydium 
li\dro\idc soliilion, with hjstuufh hjidioi'idc, eufhonutc. or uitrate, 
iiismiitli siil|)liide and arseiiile ion arc fornuMl. On Ixuling such a 
solution witli cupric, oxide, cuprous sulplmli' and arsenate ion are 
|oi tiled. 

1 Ammonium sulphide x/,vo ihv /onuu/iou of uiscnic tri- 

^iiljihulr 9'liis is not prciipitaled, liow<‘Vcj\ wlum tlm solution is 
iK'iilial or alk.dine, Imt remains in solution as sulfduuitscnUc ion. 
Oil adding Iree acid to the .solulimi it is iiimKalialcIv pi‘cci[)itatcd. 
II die aniittoniuin sulplinle cont.uns polysiilplude, sul[)liur si'parates 
with the arsenic suipliidc on flu* addition of hydrochloric acid, and 
under ccilain <-oMdilions this nia\ prcvmit the pr<‘S('nce of small 
amounts of .iiscnio liisulpliide from licing i(‘cognis(Ml In such case.s 
the siilpliiir may b(' <‘.\t r.rcf ed and the arsenic suipliidc dcti'cted by 
shaking the lii|uid with lien/mu* or pi'tiolcum spirit (II Id'i'senius, 
uiiul ('hem . 33, o7d), or w'ltli carbon lusulpliidc (Musset, 
idionii Zciifndhn/lr, 34, T-IT) 

• >. Ammonium thioacetate produces a, wdiiti^ turbidit v in hydro- 
‘■hhuic acid solutions of arsimiti^s m the cohl, whilst on Inciting it 
<MUS('s an minu'diatc and conijiicto pna ipifation of uiscnie Inyulphidc 

(U S.-liin'.md N.Tarugi,yicr,37, 3137). 

Stxl/inn fint/su/phair ju'ccipitates arsenic trisiil[)hid(' readily and 
< oiiipl(‘tcIy from an ai id solution. 

3. Silver nitrate, added in slight I'xccss to an acpieous solution of 
aisenh-, trioxidc, piodiui's no prci ipilatig or at most a yidlowisli- 
turbidity, luit on adding a little uuimonui solution a ipilow 
]»<<•/ jtifdlo if Silver ursenitf, Ag^AsO-j, will be obtaiiuMl. In tin* ca.se 
cf s(3uti()ns of neutral alkali arsi'uites, an almost while jiTccipitate,, 
"iilv b('coming y(‘llo\v on the addition of a little .ilk.ili liydroxide, is 
"ht.uii(‘(l. Silver u/sen/le is reudihj soluble in nitric, luid, and also 
(ill the presenee nf a little, alkali nitrate) iti ammonia solution (witli 
die foimafion of the silv'er-ammonia complex, AgfNIfd ^)- 
•‘ho not insoliibh* in ammonium nitrate solution. Jb*nce, if a small 
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aiiiouni of tho. precipitate is <lisso]vc<l in much nitric acid, and the 
flolution neutralised with ammonia, the pivci[ut:iie does not re-appoar, 
since it remains (lis.solvi-d in the resulting ammonium nitrate solution. 
The most sensitive imhhod of applyiu" the reaction is to pour a layer 
of ammonia solution on to the Inpud, which has pnwiously Ixa-ii 
treated with silver mtuite solut ion. Tlie pieci])itate will then appear 
as a yellow zone at th<‘ junction of the two liipiids. On troathie a 
solution of arsenic trioxide, to which a sliglit excess ol silver nitrate 
lias l>e(‘n added, witli a moderate excess of aminonin, and heatinu 
the li(juid to boiling point, metallic silver is precijiitaled, whil<‘ the 
trivalent arsonie is couvei-tod into the pcntavalent condition 

7. Cupric sulphate ihx'S not produce a precipitati' in an a<]Ueons 
solution of arsenii^ trioxide ; Imt on adding an <ilL<ili hijdioxtdr n 
yellowish -(Item p/reij/ifute ofa/j/i/c hydro/int aisoit/e. OullAsO.j, is 
obtained. This dissolves in pohi.^sniiu oi .'.odnnn hydio.ndf soh/imti, 
formitiif a blue solutiou^ from whieh, on boiling, a red |)ieci[>itate of 
cuprous oxide is jirecijiiiated (rf. <S). 

8. Wlien arsenii^ tvioxi«le is dissolved in exei'ss of potassium la 
sodium hydroxide solution, or nheu a solution of an alkali arsemte 
is treated with potassium or sodium hvdi'o\nl(\ and a small (piantity 
of a solution of eupne sulphide added, a rlidi blue .solution is ohtaincd. 
and this, when boiled, gives a red prmpd/de ofeujirous oxide; tlc' 
solution will contain arsimate ion. 'this reaction takes placi* readil\ 
and is highly sensitive, if loo much copper solution is not used. If 
the red precijiitato can no longer he recognised by transmitted lights, 
it may still be seen quite distinctly, even when [iresent in a mimile 
quantity, by looking down into the test-tube Irom alxive. Impoi taut 
a.s is this reaction as a connnnatory test foi' Irivalerit arsenic la 
special cases, and in jiarticuhir for distinguishing the latter from 
pcntavalent arsenic, it is self-evident that it cannot he used as a 
direct }>roof of the jiresencc of arsenic, since certain kinds of sugar 
and otlier organic substances can also preeijutate cuprous oxide fnuii 
solutions of cupric; salts under the same conditions 

9. Solutions of fompoumls of trivalent arscnii Irei* from jxmta- 
valcnt arsenii; do not give a precijiitati; with magnesia mixtured 
or at most a very slight one after stamling for a long time.- 

10. On treating a hot solution of arsenic trioxide in strong hv dm- 

^ A solution of 55 grms. of cry.stalUso(l magiK'.siuiii oldorxh- aiiU 70 erms "f 
ammonium clilorido m 11.50 I'.c. ot S ]M'r cent, anunonia solnixm aiul 050 o •' 
water. 

^ Cf. See. 02, 13, footnote. 
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< liloric acM (sp. gr. MG to MO) o'- siilj)hiiri<^ ac.id (sp. gr. 1*45 to 1*53) 
with a con< <‘iitTatc(l solution of potassium iodide, a red precipitate 
(>l arsenic In-iodidc, iiisoIuMc in i ho strong acid, is obtained (K. Srvhel 
.iiul Wikaiider, (Jhan. Zeit.^ 26, 50). 

Antimony, when dissolved in snlplmric acid, also gives a prin^lpitate. 
In hydrochloric aci<l solution, or when dissolved lu sulphuric acid containing 
] of its volume of hydrocldoric acid, an(ii)Ui))// loii does uol give a ]mM!ipitate 
uitli potassiiiiu iodide (Bri'ssaiiin. Zcilsch. anal. Chon., 52, 70). J^ead and 
(in also inlcifcie with the precipitation from a solution in pure sulj^ihuiic 
acid, hut not fioni a solution w liieli has been treated with hydroehloric acid. 
I'ri I ic ( Idol ide, free ehlorid(“, si'h'iniim, and iiiereiiry also iiittufcu’c with the 
[)i«M ipdation, hut their iiilUu'iKJO may be eliminalcd by adding stannous 
chloruh' solutuni. If the potassium lodidi' is then rajndly aildod, BetWn- 
ihnis arsenic i(‘aetion (r;/‘. 15), which always ie<piii<‘s sonu* time, will not 
\ct iiavt* d(“velo[ied. Aecoiding to Arnold and Mentzel {Phann. Zeit., 47. 
ml), the I'c.iclion oiily (alo's place in hydrochlonc acid sidution, when the 
acid is ol at least 22 per ('(‘id strength; otherwise the arsciiK^ tn-iodide 
Kmains m solution. A(pic(>us sdlntions may Ik* t(‘st(‘(l a[t(‘r tlie addition 
ol a sulliciciit quantity ol eonecntrat«“(l siilplunic acid. Suhstanees which 
give preripdat(‘S willi snipliurie acid or potassium iodide must not. lie 
ni<"'cnt. Nitiate, nitiilc, chloralc, clii'oma.O', pennunganati', feno* 
yaiiogc'ii, and ferricyanogen ions must also lujt Ik* jn'cscnt. Li'ad, silver, 
copper, and tm ions render tin* tea(tion untrustwoi(hy. 

The reaction is also suitable for the (hd.ee.taon of ursenie. when 
present in organic conqummls (sodium eacodyhite, arrhmial, atoxyl, 
siilvarsan) In sueli (*ascs the substance under e.xairiination is (irst 
lie.lied with strong sulplnine acid, and the test then applual to the 
add (Bressanin, Zcifsck. (Had. Chem , 52, 5'1). 

II On heating a soluliou which contains trivalent aisenic and 
lias lieen tri'atcd with hydrochloric, acid, with absolutely bright 
copper strips or copper wire, the (Si^ipm* becomes coated witli an 
iioti-jfiri/ iiapdho deposit, wliicli, when it is almndaid., separates in 
lilach sc.ales. On healing the coati'd copp(‘r stri[)s witli ammonia 
solution, alter removal of tin* fna* acid hy washing, the deposit 
separates from lh(‘ copper and suhsidi^s in spangles (lieiiisch). It 
slioiild )k‘ noted tliat these arc not^ pure arsenic, but eopper arsenide, 
IT', Vs^ On heating tlie substanciy previously dried oi ignited in a 
dirrmit of air (whereby some ar.senici trioxide escajies), in a current 

hydrogmi, an arsmiio mirror is formed and relatively little arsenic 
''^'apes; alloys riclicr in copper arc left {U. Kfesenius, bippert). 
On lic.iting (In' wa.shed and dried copper foil in a glass tube, 
hislruus crystals ot arsenic trioxidc are ubtaim'd, and may be easily 
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recognised by their characteristic form, especially when examined 
with a lens. 

Only aflor arsenic has boon detected in the deposited alloy is the reaction 
really characbiristic of arsenic, Hinco antimony and other elements, <•.(/. 
sehmium, are similarly dep<isited under the same conditions upon e-opper, 
and a black lilin is also formed on tlu* copper in tin; presence of sul])hite ion 
In order to identify antimony and dislinguisb it from the other Ions, 
Clarke anal. Chrm., 39, 057) dissolves tlu' deposit in hydrogen 

peroxide, and sodium hydroxiile, solutious, and distils the solution after 
acidification with strong hydroeliloiic acid and addition of ferrous ehloride 
(c/. end of 2). J. k. Jlowe and Paul S. Merlins {<'ftrm. Zntif., 1., 7H) 

recommend that the substaiui' umhu- examination should lie boiled with 
thin copper foil in 10 per eisit. hydroeliloiic aeid for 15 minutes. The 
copper foil is then withdrawn, washed, dried, rolled up, ami introduced 
into a sulilimation tube, 5 c m. long, ami not more than 0*5 rm. in diameter, 
which is then heated in an inclined position over a very small (lame. If 
arsenic is present, a grey dc'jiosit will he forimd on tin* <-o|»per, and tins, 
when heated, will yichl a suhlimate of lustrous oclahedra. Antimony uhn 
produces a deposit, ulthougli of a morc^ violet colour, upon the cop])(‘r, Imt 
the sublimate obtained on raising the tem]«'raturo will not consist of lustrous 
octahedra. Organic substances do not iiitertiao with the reaction, so that. 
e.g. animal organs may bo h'sted directly for arscaiic by boiling the matiaial 
with hydrochloric acid and copper. If a solution under examinatinu 
contain-s nitric aekl, chlorate, or free chlorine, it imist lirstbe evaporated to 
dryness with hydrochlone acid, since otlu'i wisc tin- eoppc'V will he dissolved 
and no deposit obtained.' 

12. Jf an add or ncuUal soJalioa of U loxtdc or of an c/rscuc/Zc 

is hrought mto coidavi with zinc, water, uml dilute sulphuric acid m- 
hydrochloric acid, there is piodnecd, HI addition to figdiogeti, the 
extrerndy foisonoiw gas, hydrogen arsenide, AslI^. {The, reaclioe 
nmat, therefore, he, carried oat with caution, aiid in a fulue cupboard). 
The gaseous mixture, hums with a pale hlae Jlame. If a eold jiurcelaie 
dish is held against the fame, a daik spot (f arsenic, will be di'-positcl 
upon it. Wlam the gas is pasi^ed' through a tube, healed at one plart\ 
an arsenic mirror will he famed in the pari of the lube beyond, the heaUd 
place. This reaction, described by .Mar.slt, and also by Liebig, is 
suitable for tlie detection of ininule ipmntitios of arsonie. For 
purpose the apparatus shown in Kig. -13, or a similar apparatii'!, 
is used.- Here, a represents Ibo gas generating flask, h a bulb wlucli 

1 As an appendix to Heinach’s method, attention may bo drawn to Hagers 
method, w'hicli depends upon tlm formation of spots ujion brass foil (Plan is. 
Zeniralhallr., 25, 205, 443, 4m (1SS(). 

‘ For details of other forms <,>£ Marsh’s apparatus, reference may he ma<k‘ lo 
yec. 2U5 : “ Detection of metallic poison.s.” 
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retains water jnechanically carried forward ])y the and c a tube 
filled with cotton wool and ])ieces of calciiiiu chloride ^ in wliich the 
oas is dried, 'this is connected with h and d hy means of riibher 
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luliirie. wliicli lias h(‘en Imital with sofliuni hydroxule solidion 1’lie 
tube tl. which is about 7 mm. in diameler (hii; 11), is < oinposed of 
i;la.ss which is fne fnnn had aiul <is Jnc jiossihlr liom 
:irsciii(a an<i is iliflicult to For very accurale, te.sts 

(li(‘ tube should b<‘ drawn out a.s shown in Fij^. 43. A 
quantity, not too small, of zinc, wliich must be as pure tuj. U. 
ns ])os^ible, ami at all <‘veiits ub.solut«dy fre(‘ from arsenic,- is 
I'iaeed in 1h<' ycmeralmy Hash, and water is introdiiMMl throneh 

^ With royard to tlio ))eli;i.vioiir of (liihaoul drylny ayeiUs, see JifK-kcDianii 
mu/nr. ('Jum., 18, 42.">) 'I'liis c-]i<‘niiHl. leooniniends the use of laryo 
(ahoiit I <-in ) la^stals of calcium i lilondo when it is a (jue.slion of very ^eat 

ivcciiracy 

- Zinc, <otn|>lelely free from olher metals, only hl)eial.es Iiydioyen slowly. 
U /'ini (oiitaininy eopjn^r (llofli, Zkik'Ii, 1007) or /,in<* <oal<-iI ailh eoj)j)er 

I ho< kcinann, if'-t/i. ant/fir. ('hon., 18, -111») is mm d. a icyular <‘\ (•lutioii of y.is 
at. oiue o])lained. Tlio coii^xt platiny of Iho zinc i.s etTcett d h\ sh.ikiny tho 
uraniikiUil zme witli jmio cojijier siilphatf' solution. <l<‘cant.mf, tli<* h«(ind a.ml 
'va.s]im-r ilio nielal. 'I’lie duect atldition of a c(q)])er salt (as ircdminemled hy 
M.u ;i,nd Hurt, ZntMh. (inal. Clum., 43, rio?) may, aoeonliny to Lockemanii, 
lead to a sliylit loss ol arsenic. Tlio presemoe of iron in tlu' znu; oanscs some of 
the ar.senn; to Ix' retained in the llask. 'I’lu* zinc must, therefor(% he tested for 
iron before use (.Mai and Hurt, Lockem.ann ; .see also Parsons and Stewart, 
ZnUch. mud. ('Iichi., 44, 2r>lt). On the other hand, aceonimi’: to tin* samo 
autiiorities, the jiresenco of iron in tho arid .solution to he tested for ar.semc 
dots n,)t have a disturbing influence aiud dliiin., 47, 72S. and 50, 507). 
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the funiu*l, until its level reaches tlie, lower end of the funnel tube, 
after which a mixture of 1 part of pure concentrated sulphuric 
acid and 3 parts of water is gradually added, so that a regular ami 
moderate current of hyilrogen is developed. As soon as on(‘ can hr 
certain that the whole of the air has been expelled from th('a|>[)a>-atus.' 
the gas issuing from the tube d is lit (and before doing this it, is 
advisable to nuike use of a sab'ty tube, or to wrap a < loth round the 
flask as a protection against injury in case of a possilde, I'xplosion) 
It is necessary in the lirst place to be absolutely i^ertam that, imithcr 
the zinc nor the sulpluiric acid contains ars<‘nic. hor this ])iiT}>ose a 
porcelain basin is held horizontally in the llanie, so that the latba 
is distributed over the surface. If tin? hydrogen contains arsenic, 
brown or blackish-brown spots of arsenic aviII bo deposited on the 
porcelain. If this is not the case, aiul if gri'al er accuracy is demanded 
of the test, the portion of the tube d shown in the illustration is 
heated to redness for some time, and a note tskmi whether a film of 
arsenic is deposited in the constriihed portion of the tube. Wlum it 
has been proved in this way that the hydrogen is pure, the liquid to 
be tested for arsenic, is poured Ihrougb i lie funnel, and tlie tube. siibs<v 
((uently rinsed witli a little wnter.- It is partieul.irly advisable to 
introduce at, first only a small amount of the Ihpiid under examination 
Should a large quantity of a li((md containing a eonsideralilc amount 
of arsenii’. ions have been introduced, it is possilde for the e.volutnm 
of gas to be incroasc^d to such an <“xtmit that tli(‘ test cannot he 
continued. If the liquid jioiired into the flask contains an oxide or ,i 
salt of arsenic, there is soon liberated, together with the hydrogen. 
the extremvlij poi.voinn/s hifilHKjen arscuidt’, whieli immediatidv.causi s 
the jireviously colourless llame to appear of a Idmsli lint. At tlic 
same time a white smoke of aisenic trioxide uses from the tlaine 
and will form a deposit on a e.old surface If now a poreidaiii disli 

The U80 of platino-hv<Iroc}>Ioi‘in acid, wliich was fornierly frequently recom¬ 
mended for tho “activating” of zinc, may also cause a loss of arsenic, dn 
this point, hco also llarkms {(.'hem. Zcnlr., 1010,1., 184y), vanous statementa m 
the Zeilsch. ami. Clu m., 45, 7()7 and 70H, and Cliapman and Law, Zi ih-ih. anal 
Chem., 50, 320. iStruve (ZaVw/i. anal, (diem., 46, 701) icconiincnds tho ubc <4 
commercial zinc foil, and Carl Fischer {Arb. Kaiscrl. ikMtmlhcUmmt, 19, 072) 
that of zinc rods. Kohn-Abrest recommends activated aluminium as a suh- 
stitutc for zinc {Zciisch. anal. (Jhein., 52, 332), whilst A. Hubert recommends the 
use of sodium amalgam {Ibid., 3119). 

* Tho test ia applic<i by collecting the gas isauing from tho tube m an 
inverted tost-tuhoand applying a light. If the gas burns quietly and w'ithout a 
report it ia free from air. 

* Caro must bo taken when doing tins that no air ia introduced into Ihc 

flaak. 
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is hold ajjjaiiiHl tlio namo. tlio arsoinc will ho d(‘jK)si(.ed upon it in the 
i.inii of spots. Similar spots are also produced by antimony 
(r/' Sec. 1)1, lli). \N'itli regard to their distinction from arsenic 
(h'posits, sec Sec.. 1)2, S 

If the tuhe d is slroiKjhj hf'Hicd at the plan’ iiidivaird la the idastra- 
huH. a la.siroas cy.sc/oc nntior is foriuod hc;pnid tins plac(% either in 
frnnt of or in the constricted |.;irl of the tnb('. 'I'liis mirror is darker 
than an atitimony jmirin-, and may also be easily identified by the 
fart that it may readily be e\'|>ell<Ml without [nevious melting pi the 
, iiirent of hydrogen, and that tlie escaping (unlit.) gas will then have, 
to a prononndMl extent. th(‘ eharactenstic odour of aisemc, d’he 
minor usuallv consists of t wo disl.inct zones, one lirowmsh and the 
(»ther hbic-bla(‘k (dith'rent moditiiahons of arsenuc 'I'liomson, 
Znm-h. anal ('hem.., 48, bOl) If the gas is burned wliile the mirror 
m thr tiibr is heated, tlie, llame will deposit spots of arsenic. uj)on a 
porcelain hasin ev('n when there is only a very weak eurnmt of gas. 

The ju<-senre n[ nxican/ eomponed'-, e -pis ialiy imua unc. chloride 
f\itaii, Chciii Zrehalhl.. ll‘t*'*, I., TtlD) and o| fhi'uiix’ xm (\\. van 
bijn. Ihxl, IlioS. ! , piST), |»r<‘\(‘lit or intci feir with th(‘detection of 
arsriur. b\ iiicaiis ol Marsh s ap|iaratus ^ 

Sidp/nl(‘-<, il present, \ i(hl luairogrii sulplinb* iii tin' tc'st, and this 
i(‘,i( ts with till' livdiogmi arsenide in the led-hot tube to form arsenic 
sulphide, w'liieh s(“parates, sulphur, and hydrogen, li th(' hydrogen 
arM'iiidi' IS pn'si'nt in (‘xcess, a mirror ol arsenic is also produced 
(Smith. 17/r/c Zchtr , 1,,27'J). 

As a. nilc (U'sftne salphidc is not rt'diiccd in Marsh's t(‘st, and the 
|iM‘s(‘in,e ()[ ()\vg<‘nated or organic, (ainifxmnds of snlplmr may, there- 
foi't'. pr(‘V(‘nt Ili(‘ (let (‘ct ion ol aiscnic bv Marsh s I(‘st I n like manner 
tli(‘ pi'cs<‘ii( <‘ of nitric acid prevents t in' n'ac.tion (Vonrnasos) 

Arih(‘nal. (' 1 ! .Ast )(( )Xa).j. and also eaeodifhe eoiiipoinids, yield 
hlark rings in tlie r(*du(tion tiilio in Marsh’s apparatus 'ITiC latter 
' "inpoiiiids also produce white vapour with an odour ol garlic when 
lie' i;as is luiined, but the ioiiin'r (lo not pnxliice smli vapours 
I’laliuo-li\,|](((‘Ijlorie acid pi'e\eiits the formation of rings in the case 
ef arthenal (\'il.ili, Zmhrh aital. ('h(‘tti , 50, 5'.)'.)). 

* ei< kill II III imiipouiidi, wlien present, m atiy ronsiderabU) (juaulity, j'leld a 
X'l deposit. Jn tie.' jnesotiro of mere traces of Rclc-iiiurn only a lustrous ring, 
xliH'ii IS ddliriilt to distinguish fiom a slight arsornc (io])OSJt, is olitained. 'to 
test for .selriuiiin, if iiocrssary, the original solution is saturated with hydrogen 
’'"Ipliide Oti then heating the lupiid tie' proeipi(al.ed sul[»lnir aggloinerate.s 
and turns brown m the preseiioc of selonniin. VVIkui rarefully sublimed, tho 
poc-ipitate leaves a black o'sidui;, probablj' soletiiuin sulpliifli^ (.Mcuiiut, Cheni. 
Ziilr., lain, 11 ., inr.y, and j<H7, il., VSS). 
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On lioalitig a mixture of (hy miJium finiuifi: with an arsenic com- 
pouiul to a temperaturo ai)OV(‘. 210the sodinin 1‘oimate is converted into 
oxalate, liydrog<‘n and also liydrogiai arsenidi* being formed in tlio process. 
Tl»o latter may he i<lontdicd hy one of the methods desenhed in 12 or It, 
or See. 1)2, 0 (Vournasos, 43, 2*201). If the test is to be made hv 
Marsh’s method, the following proeedure is, In our experience, Huitahtc 
for th(‘ purpose : The sodium haiuatc is heated until it begins to null, 
and the dehydrated salt is [lowdered. A little sodium formate thus freshly 
(.hied is introdueed into a pii'ce of eomhustiou tul)ing about 20 cm. Ioiil', 
whieh IS fused logetlau' at one end, and tlu'n, hut separated by a spae<', 
there'ls addl'd a mixiiiri! of tlu' substance under examination witli at h'a^l 
5 parts of the freshly drii'd sodium foimate Filially, lln' tidie, a jaution 
of winch must alaays he left cli'ar, is ehis(‘d by a eoik tlirough uliieh 
passed a Marsh's tulie. The tiiln' must In' ehaiged m such a way that it is 
at li'ast half em))ly. 'I’iiis can he doiu' liy hemhiig a piece of jiaper, so as (e 
form a elianm'l, plaeinu I In* ] mm e sodium lormati' and the imxt iiri' eontainiii'' 
th(' sul>stane«' under examination on tI m' paper witli a spaei' Ix'lavet'ii them, 
introducing the ]iap('r ehaime! into tlie ium/.ontal tulx'. turning the iallit 
about ISO'' on its axis, and witluhawing tiu' [lajier. On now heating (lir 
]mre sodium I'oimale, eai<' being taken lo [irevent too much fi’otlnng, llir 
liberated liydiogen (or the earlion dioxide produced wlu'u the suhstania- is 
more strongly hi'ated), I'xpels (he air Irom the tills'. On tlu'ii heating tlic 
mixture under exaumi.ation hxdiogin aisenidi' is produced when aiseitii' 
is jiri'Si'ut., in ilu* sanu' way as m Maish's test, forming a minor wIk'ii tin 
nanow' tnhi' is lieated, and gixing a llaiiH' which ])ioduces spots on cold 
surfaces, and also acts U|ion sih er ml i al<' oi na'i'cm le < blonde, as dcs< nla d 
in II, or in See. 02. 0. Snljiliur comjxiimds and niliales do not inleilttr 
with llu' (I'sl. (Advantage over Maisii's metliod.) /\ntimoiiy eompouiKb 
are ri'diUM'd l>y sodium formate, hut- no hydiogen antimonide is hlH'i.ilid 
when (he tem|iera(nic does not exceed 800 ’ ; if, Iheieloi'i', the temjieriOnn' 
is kej)t below 100'^ the formation of a miiror indicates the pvej^cnce "I 
arsi'iiie (Voiirnasos). 

Na/i(Kilh/, d hhin/c muf^t hv i/uiifv t<> jiroii llmt thv soiluim 

VSf’il liiH .V not f jdoi/iivi If iiiini'r, UIkI uIsd ilui s iml i/irv rf Idu'i/ drpe.'.p. 

It. If hydroifvii, con(iiinni;i hi/drofirn arsv/mlc is jirodiirvil Ini roe/ 
indhoil [cf. 12 and Id), (iml ihv ijns vntiduvfvil mlo a. solufioii <>J silver 
nitrate, sd.n'r null .^Vpiti<tl<\ while', arsenious acid will remain in tin' 
fiohilinn. If liic gas is brought into eoiitaet with filter paper im¬ 
pregnated with silver nitrate solution, a yi llow stain ((Jutzeii) 
produced if the solalmn was <onc.i'iitrati'd, and a black one if it w.h 
dilute^ Tlic test is made, e//. liy treating a granule of ziw'. wait 
sviphimc field' in a test tube, and inlrodiieiiig the substance uihI'I 
examination ,A wad ol (ottonwool is jiut. into tlu' month ol •!'' 

‘ For further details, see See. 02, 0 (r) 



SKC. 8i) 


TRl VA LENT A RHENIC 


340 


irsl-tulx*, JiiKl ov(‘r \t is ])l{ice(l llu‘ (ilter paper. \vlii<-li has ])Oon 
ini|>n‘^Miat(“(l wit li t lie silver sohilion J1 y<lr()^(“U |ilios[ilii(le, hydrogen 
;in(inu)iii(le, and liydr()^;<‘n sid])hi<le infc'rfero with tln'reaetion With 
u‘i;:nd to th(^ difleivnee, in the heliaviour of arsenic ami antimony, 
.,-e Sec. 0:i. 0 ^ 

1.') On liealin,^ alanil o e.e of fuming liydrochloric acid with a 
\v\\ (iio|)S ol stannous chloride solution, and addiny a far (hop'! of 
d sniuhoii of iD.snnr Inojolc <>r nv oisciiitr, )(<lnvtion and 

,1 hi<iiviii>h-lilaci- jnrrfp/fiilc of orscmc is obtained (Ih'ltemhn’f). 

( \ 111 nmine compounds are not reduced iinilcr 1 h(‘ same condit ions ) 
Tlic re.n (ion. which laki's jtiac-e slowi\ in th<‘ cold, but ia[ti<llv on 
luMliti'j.- IS vciv s(‘nsi(iv(\ blit’ IS onl\' obt.lined when excess of 
lunmiii !i\doH hloiic a< id is pi(‘smit II tin* liydiocliloric acid has too 
luw a spci itn y,i'avily. tin* pri'cipit.il ion is either incomplete or does 
not bike pkn c at all (Only llic aiscnioiis ion jircsent in concen- 
lialed hydiocliloric and solution is n-dmcd. not tlie ar.simite ion, 
uliich IS pres(‘iit in the solution tlilutcd with wati'r, rf Sec S'-b 2) 
!! Iianpient ti*sts for arsenic, aie to he m.ide hy this motlio 1, it is 
(oiivciiK'iil to have a solution o[ stannous ( liloridi* in liiohly con- 
(cntrabMl (.'kS per cent) li\ili ex-jiloric ai id ready for tin* pur|)ose. 
Instead of iisine stannous ehloridi*, the sulisfanee mav also he heated 
III a lest-tilbe with 20 to lO inarms ol tin and to to 12 drops of 
Ioni entrated hydrochloiic acid (Kmiaro and t'arrolno, Zc/V.srA oiutl. 
tV/M/' . 46. 177). ()h\ioiisl\ it IS still aiM'sscnli.il comlition that tin* 
Injuui slnmld i out ,tin st lony, In di ochloiic <h nl \\ itli i<*'aml 1<> t Ins 
nMi 1 ion. s(‘c ,dso Zc.'/sc// iUo’iti./dQ 2 lb . 39. I I. and esjiecially 

55 b),),S, wlieri*. loo. (h'tails arr* i^ivi'n as to I In* smsit i\i*m‘ss of the 
test 

111 t )n I rea 1 111 '.^ a sol ill ion ot a i sen n* 1 1 lox ide or an a i senile wit h 
.01 ctpi.il Ol double* \ ohiinc ol ooio'oiilKih d hijdiocliloi /c oritl and some 
''"lid ^oi/iiihi and heatiiiL; I lie In^nid to boiliiij^ [mint, 

■I bleu ni.sii-lilaek [)reci[>ilale, similar to that desniiied in l-b, 
^-' p.irati'S when the (pianlitv ol arseiiioiis ion is not too small. In 
III" [iiesem-e ol a verv sm.dl amount ol .irsenions ion oiil\ .i ■i<Hotvts}i- 
I-I"IIII to hnuni rohnotton o| } |m* liipiid is ohl a ine<l. even a ilei lu*af ing 

' 1*111111 .ind "xypurin also eauso black si.oils In .i.piH“,ii' in l.lic ahsciuo of 
iio<'iiU' (l)illiin;, Zril.sih. amil. (dirin , 53. 27-'^). 

- I. W. \Viiikl(*r has shown llial, <“Vcn in Mic ihc^i'ii't «if siil|>lMn'.s Ihc lupiul 
'■.‘11 I).- uil.lulut s<'paiati<)i) of stannous sulpliulo takinu^ place (uliich other 

•uii li'ii hfive staU'd to occur) (/.< ini<i< ir < 'hcin.. 26, I I'l . Zi aiuil. 
^ ^>''11 ^ 55. SO) Sul|»hiiri<- acii| iim\ lx* ie<lueed to iiydiocc'n suliilinlo, how ever, 
‘iiai the i.iltn- may Jiiterfm'e wnlli the reaelion, uj. m tlio pre.seii<‘e ot bismuth 
(l’et« ix, Ihtndb. onnl. Prai tb, Jl., b2). 
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it for a lonj:' time. l’l)e adtlitioii of a small crystal of potassium iodide 
materially inen^ases the sensitiveness of the reaction, hut ca»ua»t ]h\ 
U8e<l in the pivsenc<‘ of substances which }^ive precipitates willi 
])otassium iodhle, or ]il)eratc iodine from tliat salt (hoof, Thiele)d 
17. If nmnic trioju/c, or ur.wa/e frisulphidc are fitsfd 

witit a mixture o£ 3 parts oi dry sodium carbonate and 1 part of 

potassium cyanide,//U’ tvholc of Ihc (Umihv is reduced, and also tluj 
cation jiresent m tiie aL‘s<uu((\ wlem it is reducihle, while tin* oxv<;cii 
converts part of the jiotassiuiu cyanide into cyanale. rotassium 
thiocyanate is formed in tin* Kahictiori of ais(*ni(^ tiisnlphidc. WhiFi 
ike icitolc (f the ursmic is ndoldisvd dnnii</ l/iv rodudion <f orsviiit: 
Iriuxidc mid sulpindt', aiul is ohtaiia-d as a iunrof when rediK timi 
is carried out m a suitable appaiatns, ais<‘nites only yitdd a mirror 
when their cation is eitlier rujt reduced at all, or is re<luced to a nu'l.d 
arsenide, wbuh, wlum lu'ati’d, loses jiait or all of its arsenic. This 
method ot U’<(iirui<i rompomuls inll/ polossniiii, cpmuid, 

devised hy H Fresimins aiul h \<»n Haho. may be (“sp(M lally recom¬ 
mended for its simplicity, the ceilainlv with which it- will rliUoet 
very minute quanlitn s of arsenic, and the cleaulinoss witii wliick li 
can bo a[iplied. It is cspccudlp suihddc for iho dim-t propandion 
of arsenic front, nrsenn- Milplndc, for u'fneh piiiposr it mnincslionablp 
excels all oilier melhod‘< in simplicdij and iicrmncf/. 

The process is preferably carried out in an <dino-<plHie ifcaihon 
diojide, so as to prevent tlie oxidation of aiMUiic, when present m 
only small amouiil, by the atmospheric oxyyen. Siiu-.c ordin.iiy 
glass at the present turn; almost iuvaiialdy eoutaiiis arsenic, and 
may tlius, when bionyht into contacb with a mixture of potassium 
evamde and sodium carbon.tie in a stale of fusion, cause a'miner 
to be formed, even when arsenu' is al»senb from the mixtuie,- its 
use must be avoided. I'or tliis reason the oiiginal ajipnralus of 
K. bVesomus ami Ji noii Ihibo slioulil be modifu'tl as repn'seiited iti 
Kig.'15. 

ilore ah represmils a Kij'p's aj)paridus eliarged with jiieces of 

^ The reaelioii desenbed by K. D Sl.iddon for llie dfUei-Uon of \oiy siaall 
amounts of arsenic, bko th(»se oivcn in 1.') and 1(>, is .il.so b.is' d ui>on a icdncliou 
of the eonijiound to elejncnlai'v ai’scnn-. (In adding to the solution under 
examination d'a to 2 grni.s. of eonuiuirM! sodium li\diosnl]>lutc, N.i.S/i, 
(c/. footnote to !i<‘ading ol Si'c 102), a linelv pulveiulcnt metallic precipitate 
is obtained, jlnlinioip/ < mufioumU behave m tiie same way Ar.scnic is soluMo, 
whilst antimony is insrdiibie, in sodnini li^pocldorite solution. 8ee, iiowcvcr. 
8ec. 02 . S, foolnole {('/kid. /k Dir., Illl2, II., iSSa.) 

- W. Freseiuus, “ Aismic m glass as a sourci- of crior m (he detection <'l 
arsenic ” {/jcilsi’h. ntud. Chun., 22, .‘107) 
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niiiiblo, and |inr(' dilute hydroehloiin acid for the evolution of carhou 
ilmxidc. <• a washijif' (la.sk, which contain.s pure concentrated sulphuric 
ai ill lo dry the carbon dio.xidc., and d is a tube of lead-free gla.s.s of 



Idn, ir,. 

iii”li fiisin;^ point h'l" 1(1 represenis Ihis lulje one half of its 
iiiilni.il size The tube must be of such a \vid(h that the porcelain 


Fio Hi. 

hn.d., jiitcnded to receive the mi.xture to be lieated (and shown in 
its actual size in hig. 47) can just be iutrodiieed into il 

When tlie ap|)aratus has been prepared and is tilled with carbon 
dio.xide 1 he arsenic coinjiound to be 
reduced (which must be absolutely 
dry) IS ground up with 12 ]iaits of a 
mixture, (entirely lice from arsenic) 
el [larts of sodium carbonate Kio IT. 

and 1 part of ])otassiuin cyanide, 

the powder placed in the porcelain boat, and the latter intro¬ 
duced into the reduction tube in the position shown in hig, 48. 
I he tube is then conneetod with the washing flask, a moderate 
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current of carbon dioxide admitted by turning tlie tap c (b'^ig. ^rb, 
and tJn* mixture carefully dried by gently lu“alij\g the boat and Ibu 
whole length ol the tube by means of a lamp. W'Jien all condensed 
W’uter has been expelled from th(^ tube, the speed of the current <>1 
gas is reduced so that the individual bubbles pass through flu- 
sulphuric acid at intervals of about a second, and the wider portion 
of the tube is heated to redness at the pmnt where it begins to con¬ 
tract, b}' means of the burner f. \\ hen this tejnperature is leaehed 
the boat is heated by means of tlic burner //. moderately at first, 1o 
jirevent spurting of the fused mass, and (Inm more strongly, until llii' 
whole ol tlie arsenic has been expelled. Should an arsenic dcjmsit 
form 111 th(' wider portion of the tube, this, too, should lie lieal('d 
juogressively up to the nairow ]»oiiion. ihactically the wliole of thr 
arsenic will then he found as a metallic mirror (Kig. 18) beyond tin- 
portion of the tuhe which is still coiilimioiusly heated by the Inirner/ 
whilst a small fraction of it escapes from the point of the tube and 
produces an odour ol garlic in the air. finally, the point ol thr 



ido. 4S. 


tid)c may be tused togethm and the mirror carefully volatilised h\ 
lieating the point of the tuhe, so that tlu; arsmiic is dc'jiosiled jie.uei 
to the wider portion, whereby it acijUires a partaularly line and 
distiiutive inetalli<- appi'araiice. In this way a |)ei'((“[)tilde nmoa' 
may be obtained Iroiu as little as j,',„ ingnn. oi aismiious anliydrnie ^ 
snlphnlc, or other antimony eoinpounds, do not g^^e a 
metallic mirror when treated m this way. Cut the currmit of (.ii hen 
dioxide must not lie replaced by a current of ii\ drogeji if the hn'm.ili")i 
ol antimony inn iors is to be avoided. 

18. 11 arseiiH- tiioxidc or an ansenic compound is c.xposed to tin’ 
inner bloivinjie. Jlmiie \m charcoal, the cliara<teristi<- oil<iiii\ riH,ilhn:-: 
that of garlic, which has been lre(]uent ly mentioned, will be dilUised . 
this odour is produced by tiic yellow iiiodiluaitiou of arsenic, and 
enables vei) immiti^ traces thereof to be detected. 

111. A (noloijical method of delecting very small amounts of 
arsenic has been describoil by Gosio {/jilKeh. anal, (diem., 39. ‘lTli)j 
h\ Abba (Ibid.,) ; Abel and Buttoiiberg (Ibid., 41, 137); Morpuigo 

^ 0/. \V. FrcsrnuiH : “ 'J’ho correct method of api)lying the Fresonius-babo 
tost for lirsenic, hiuI its sensitiveness ” {ZtiUch. imd. t'h< tn., 20, 531). 
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and Brunner (Cltem. Zerdr., 1898, IT., 505). IT is based upon the 
fact that certain mould-fumil, wlien f^rown on culture media con¬ 
taining arsenic, produce ffttses (prol)al)ly mixtures of arsines and 
hydrogen arsenide), V'liich vmtj he rmH/iiised hi/ their ijarlic like odour. 
(The method i.s also applicable to atoxyl. B. (lalli-Valerio, Zeilsch. 
aiKil. (’hem., 51, 153.) The substance is cither introduced in the 
tnriu of a small .strip (carpet, etc ) into a hole made, in the middle, of a 
slice of jiotato (Abba), or is mixed in the form of a ]io\vdei' or solution 
wit h ground up potato (trosio) or bread-crumbs (Abel and Bultmiberg), 
then sterilised, inoculated with I’niieilhiini hrermiiile, kejit for 31 to 
73 lioiirs in an incubating oven, and its odour tlien tested. The 
presence of antisi'pt.ic agents .such as mercuric chloride, el.c., and also 
of free acids, prevents the reaction. Acid licpiids must, therefore, be 
neiitrahsed. Antimony, pho.sphorus, and bismuth compounds do 
not \ ield odorous gases when treated in this way, but selenium com¬ 
pounds yield ga.ses with an odour recalling that of mercaptan, and 
tellurium compounds gases with a garlic-hke odour (Ifaasen, 
Zi il.seh. iinid. Chem., 43, 136),i 

30. M ith regard to the itne.roehnmcnl tleieetioo of trivalent arsenic, 
see llaushofer, Mikroshojnsehe, ReoktioiKi), j). 15; Behrens-Kley, 
Miho.Aopi.-iehe .Iimb/.S’C, ;(rd ed., p. l.'il ; Kmidi, ZeiLseh anal. 
Chem. . 32, 167 ; Justus, //)«/., 46, 178; Bchoorl, fbid., 47, 370, .381 ; 
Sjollema, IhitL, 736; Deniges, Ibid.. 48, .395; iNieuwlauds, Ibid., 50, 
■5!I8 ; Hartwich and Toggenburg, Chem. Zeii/r., 1909, ]., 5.80. 

Sici'. 9(1. 

• (/3) Pentavalent Arsenic. 

I. Ar.ii’iiio jientoxide. AsoO^ (arsenic anhydride), is a colourless or 
white, vilreous, fusible mass, whidi dissolves slowly m cold and 
rapidly in hot water, and when strongly igiuteil is decomposed into 
oxygen and arsenic trioxide. On allowing t he solid mn to stand at a 
soraowhat low temperature, it yidds ar.ieine arid (ortho-arsenic aciil) 
containing water of crystallisation, 31bj.'Vs()4 | ILO, it) (loIourlo.SH 
<rystals, which flcli([ucsc,o in moist air, tiud lose lluhr water of 
ciystallisation at At 180 "’ p/fro-tirs'ctuo art)/, JljAsoOy, is oh- 
taiucd ; at‘ 200 '^ nx'ta-arseiiic acid, jrAs ()3 ; whilst arsenic pentoxide 

t'rodueed near tlio ignition temperature. All flu' arsenic^ acids 

‘ Iu»r details of other lower or^ranisms having a Himilar action, seo Zeifsch. unal. 
" w., 43, (157 ; for the detection of arsenic normally present m the organs of 
le body, see Ihid., 44, 724; furtlu'r, W. Scholt/, Ibn!., 45, (>(-»(i; INiol. Vh^m. 

11)12, If., 1744 . Hu89, /trW., 11)11, L, 801; Klason,/iat/., lOl I, 11., 12t7. 

2d 



354 BEHAVIOUR OF SUBSTANCES TO REAGENTS cii. u 


dissolve in water, foniiing ortho-arsenic acid. The arsenic acids ninl 
arsenic pcntoxidc are poisonous. 

2. The arsenates correspond to the acids in conijwsition. Ileiuo 
they are known as arsenates (ortho-arseiiates), )}ffra-arsenaU\% sad 
meta-arsevafes. 'Phe ortho-arsetuates are either neutral, or nioiio- 
acid or di-acid salts. 'Phe alkali arsenates and diliydroj^en arsenates 
(di-acid salts) of the alkaline earth nietiils are soUihle in water, and 
nearly all the other arsenates dissolve in hydrochlorn- or nitrh', a( id 
The a.nhydrous arsenates of non-volatile metals are not decomposed 
on ignition. 

A solution of arsenic p(‘i\<.oxide or of an ar.s(“nate in hydroehlorie 
acid may he hoiled for a. lon,L> time without, arsenic trichloride 
volatili.sin^, if it <loes nid c-onlain too much hvilrocliloiic acid. ()id\ 
when the residue consists of ahout eipnil parts »d ]i\dro( hlorict and 
of sp. gr. 1‘12 and of wat<*r do traces of arsimie tnchloridi' escape 
with the hydrogen chlorido. W/irn n si>liiiio)i eatitainiiaf jieidaealctil 
arse^u'e is rejieatedhj disltlled inih eonci’nfraUd. hijdroeldarw aeid aud 
ferrous chloride {or cuprous chhuide or 'jutltissnctn iodide or broiuidi), 
the u'hole oj the arsenic is ohiained as (ncldoi ide (to^'dlier with iodine 
or bromine, as the case may In') in (he disfdlale. (Distinction from 
antimony and tin compounds) (Ihml Fischer, Jnebujs x\nn.. 208. 
182 ; Zeitseh. anal, ('hem., 21, 2d(i ; Dooch and Uodge, '/jed.seh iinoi-i 
Chem., 6, 208; 'Znlseh. anal. ('hem.. 34, hO ; (Jooeh ami Fhelps, 
Zeitseh. anorij. Chem.. 7, 127.*) 

3. Hydrogen sulphide does not jirceijiitate the ions of pentavaleiit 
arsenic from idkaline and lu utral sohilions, and at Jirst produces no 
precipitate in (he cold in moderate acid solutions. After the sohiliom 
have stood for somk' time .some se[iaration of collohlal arsenic p<‘n(a- 
fiiilphide and sulphur takes place, and there is a )>aitial reduction ol 
the arsenate ion to the trivalent arsenic, ion, irhich.^.s fillowi d. hif the 
precipitation of ijelloic arsenic pentasutphalc and ar.'^cntc (risulphuh 
3’his process continues unintcrrupti'dly until finalhf (he whole oJ th' 
arsenic has been precipitated (llrauner and Tomicek, Thiele). Jhjdfo'i' n 

' Friodheim and Mwtiaelia {Zei(.‘ich. anal, f'licm., 39, 708} recommend di^liDa- 
lion with methyl alcohol in a < urivnt of hydroccu diloride for eases w'lierc it is 
dcaii-ed that the renidne should not cont.un any toreign matters derived from ( h' 
reducing agents. These chemists fiave given tins method a.s heing e.sj>eci;iHy 
suitable for the separation of arsenic ion from vaiudiuin .md molybdenum mi'^- 
Friodheim, Decker, and I hem give the pieh ience to pot.i.s.siiim iodide and hy<lo'- 
chloric acid as reagent {Zc'M. anal. Chnn., 44, 078). Jannasoli and 8ci‘« ‘ 
use ht/drazinc salts in llic pri'senco <»f potassium Imnnide 43, 

this purpose, wliilst, according to J'lhlcr, Injdtazinc bio/iinlc is i>ieferaIdo [Icimi'- 

aiud. Chem., 50, 0U3). Cf. also Billeter, Ibid., 54, lt)0. 
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sitlpfitdr spirdd^ jtrecipitales arsenic pentasulphklc from stromjhf 
[hijdrocMotie) acid sobuiona (containing at least 2 parts of conccn- 
li.ited hydroe.lilorif- acid of sp. gr. V12 to 1 part of water). (Fr. 
N'elier ) 

ff li 3 -drogon sulpliido is cond\irt(‘d into a moderately acid arsenate 
i^dliition heated to about orsefnc poitasalpf/idc is invariably 
obtainisl wlicm the hydrogen .sulpfii<l(’ is in large excess; otherwise 
a inuhife (f insrHir. pe/itust/ljdiide, arsmiic 1/isulp/iide, and sulphur. 
On a<lding sulphur dioxide or sodium sulphite ami liydrochlowc acid 
to a solution of arsenic aeul or an arsenat(\ reduction of tin* ]K*nta- 
valent to trivah'ut arsenic t.ilo's ])lai-e (most r.ipidiv on healing tlie 
Ihpiiil). whilst sulpliati- i(m is siinullaneousiy fornu'd. On tlien 
adtling h\(lrog('n sulpljid<‘, llie whole ol the arsenic is iinmediat.(*ly 
pi(‘( i[)ilalcd as arsenic trisiilphide. 

Alox\I, wliieh <'ontains peiilavalent arseni<- in e»iniplex combina- 
lion. Xil.^ (iiH i-AsO Oll.ONa-l 111^0, does not give any precipilate 
wilh hydiogen sulphide. 

The pi'(“(ipitates pro<lueed by hydrogen sulphide in .solutions of 
]ienfav;dent ar.senii; bidnive towards alkalis, alk.ili siil[>liides, and 
. 1 ' ids, on fusion with .sodium nitrate and (•arlxmaUa ;inil wdien heatisl 
will) aninionium nifrafe and ehlond(\ in the, same way as tho.se 
oht.iiiK'd from .solutions of trivalent arseiiie.. 

. I in 1110)1 III )ii thioiiedair beha\'«“s towards hy<lrochloi le acid solutions 
nf aismalcs in the same way as towards ar.simile solutions (i.e. it 
pi'odiu I s a tiiibidity in tin* cold, and ininuMliab' and comjiletc 
picMpiiafion of ar.sfmi(‘ trisulphide on heating th<‘ liquiil). 

So'dinin ihiosidphole coniph'telv pn‘ei[utates ions of peiilavalent 
■ ii''''iuc as sulphide from aci<l solutions (although soimwvliat less 
nadilx than those of trivalent arsenic). 

I. Ammonilfin sulphide, added to neutral and alkalmi' .solutions 
*'t .n>eniites, causes tlu' poinohon of i^idphooirscnatc. which imiiains 
111 snlulion. vjf. Na;p\sO,(-l-l{NM,) 2 ^ ! lll-d> NiUjAaS, [8X11,011. 
t'u adding (ivul this anion is d(‘compose<l, and arsnuc pcnlusulphide 
{'‘"t a mi.xture of arsimu- trisiiljihidc and sulphur) is precijiitated. 
the piH’cipitation takes placi', more ra^udly from cohl moderately 
•'< id -solutions than that prudue,<*d by ]iy<lrog(‘n sulpliuhu It is 
pioiiioted by luuit. 

d. Silver nitrate in soluUotis of ursenh oeid and (dkidi 

ni.'^cnnles <t renj choruclerisiu'. reddtsh-hrouii precipilule oj silver 
o/srtiiifr, AgjAsO,. u'liirh is readily soluble rii dilute uilnc ueul and 
niiiit'otno solution^ (md is dfso dissolved to sotne extent by itniiiMHium 
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nilrvte solulionA Jf. tliorofore, tJie iirecipitate is dissolved in a 
nitric acid, and a little dilnti^ ammonia solution poured on to tlio. 
solution, tlio ])Te( ipitate soparati's at tlie zone of contnct of tlie liijuids 
and form-H a ring. Tlio addition of a little sodium uit.rate increases 
the sensitiveness of this reaction. If, however, a little of the 
precipitate is dis-solved in a very lar^e amount of hydrochloric aei<l, 
the precipitate frequently will not ]»e formed as^niti on neutralisin'^ 
the liquid with ammonia, owin^ to the solvent aedion of thcainiuoninm 
nitrate. An aimuoniaciil solution of s!lv<‘r arsenate, does tiol ^ivo a, 
deposit of metallic silver when hoiled. (Distinction of aTsenat(‘ iou 
from arsenite ion) 

6. Cwpnc svlphafc does not jno<lu<'e a p?‘<'< i[)iiat(“ in an aqueous 

solution of arsenie. On iJn* addition of an alkali hydroxide a hliiish- 
greenpreci{)itate of cupric arsenate is formed. When more potassium 
or sodium hydroxiile is added this prccipitap^ heiomos pale, hhie 
witliout dissolvinL;. When the, liquid is l)oilo<l cnpioKs <>.iidr is nel 
jireeipitatod. (Distinction of ar.senate ion from arsenite ion) 
(Atoxyl solutions }.;ive a cvyslallinc precipitate with eu|iri( 

suljihate solution ; it is solulde, iu acids and ammonia, solution ) 

7. On lumtin,^ a diluti* solution of arsenic aeid (or an arsen.itr), 
which has been treated with a little liydroeldorie aci<l, with HtriKllic 
copper, tlic latter leinalns quib* bright (Wert-her, Reinsch) , il, 
however, the solution is treatiMl with t wie.(‘ its volunui of (*onc(Mitr.il<’<l 
hydrochloric achl and then heated, the copper lieeomcs eoaled with .i 
grey dejiosit in tlie sanu'. way as in the ease of trivalent arsenu- 
Under these coinliliuus tin* reai^tion is as sensilivT as wlnm arscnit«‘ 
ion is presimt (Reinsch) Atoxyl also gives th<‘ reaction, alfjiomjh 
slowly (Gadamer). 

8. On adding a solution of arsenic acid or of an orsom/c, soliihl" 
in water, to a clear mixture of magnesium chloride (or 'inagiK-onu 
aulphafe), ammonium chloride, ami nal too little ammonia solution 

(magnesia mixture), a crystallme precipitate of inniHOnivm uuigne-slnii' 
a)\semiU\ MgNlT,|As 04 -l-t'lDO, is obtaiiu'd immediately with '"ii 
centrated solutions, after some 1 inu' with dilute, and after a long tiia>‘ 
with very dilute solutions. On dissolving a litth', of the prccipit'^h' 
in a dro]) of nitric acid in a clock glass, adiliiig a lilth' silviT nitiafr 
solution, and stirring the liquid with a glass rod which has heeu 
dipped in ammonia solution, a hrow nisli-red preiipitatc of silver 
arsenate will be obtained. ^\ hen hydrogen sulphide is conducleil 

^ Atoxyl gives with silver intrati- a wiii{(> ))iecij)italo, which is soluble m 
nitric acid and ammonia solution ((.'ndanier, anal. Chon., 47, 3.12) 
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into a liot solution of aiumoniiim magnesium ar.senate in Kydro- 
c'hloi'io aci<l, a yellow precipitate is obtaiin^d. (Distinction of 
■iininoniuni iniigncsinni ai'senate from the cori'csp)onding pho.spliate ) 
On ad<ling it .niuiU iiii<inli/ji i of a .solution of uraenic acid or of 
:m .irseiuiie to a few e.c. of a solution of ammonium molybdate in 
nitric acid, «o Jirei ipitate is formed in the rdltl, even after the liijuid 
has been allowed to slaiid for a long time. If, however, the liquid is 
he.lied, prefer.ibl\' not niiieh above 70 ”, a l/ni/hl /felhnv “ pitviptlatc of 
aiitinoitiiiiit ninenoinol/ihiltiU' sep.irate.s ; under the, mieroseope this is 
seen to consist of stellar groups of needle's. Ammoniuin ’arseiio- 
iiiol)'bdate is soluble 111 ammoiiia solution. On adding to the result- 
iiie eoloiirle.ss solution the magnesia mixture mentioned in 8, the 
le.ietion Iheie de.seiibed IS obtaini'd. 

10. Conipoiinds of peiitav.ilent arsenic beli.ive in the .same 
111 .inner as those' of tiivaleut arsenic towards ■•<t,tinii’iits chlondc in the 
presence of fuming hydroehloiic acid,'‘ .sodiiint /typop/iiwp/idi', and 
Indiochlonc acid, zinc in the pre.sonce of sulphuric .icid,^ and 
Ci/Iinidr, and also liifinr the hloii’jiijiiz When arsenic is 
lediiied in a [ilatinuiu b.isiii by means of zinc, the platmiiiu is not 
^t(luud black. (Dislmetioii from antimony.) 

II With reg.ird to the nuciiichcmicid diiiTlion ol pentavalent 
.il.sellle, see, Jlaiisliol'iT, MRi'dklxnivn, |). l.i, Bt'lircns- 

Klry, MikrockciibiNvIii’ Annhjsv^ .'jitl od., [» !.‘U; D' liii^os, Zotsch. 
iuiiil (lii'iti , 53, lO'i. 

Shi'. ;>1 

(c) Antimony, yi». 

1. Aiilfinvtnj II? Itindcnt und pndacairni, and tcliMvaleiit i.-onv 
[inuiids :iu‘ <dso kimwii MtiliaiJic autiiiioiiy i8 bluisli-wiiitc, luatrouH, 
li.n li, lull (Id, iiu-’lty at li-JO and is volatile at a very lii^li iei npor.it urc 
(liudiii^ jHHiit IdOO ). Its s])ei'die ^^ravity is O'o to (i‘7. Nitiie acid 
'•vulist's antimony, the dilute acid euiiv«‘itiii_L; it almost quantitatively 
into liioxidf, whilst by ineroasinD the eoiicenlralioii, a corrcspoiid- 
iiii^ly laiy;er amount ol peutoxiile (antimonic aiiliydnde) is formed, 

' All oxh'fss of arseiuito aolatiou must l>o avoihlutl, siii' o tlio yoliovv pro- 
(.'ijHlate iH aoliiblo m alk.ili arsenate solution. 

‘ A winte or only taintly yellow ]>roeipitatc, which in fornutd if tlm liquid is 
lii'utcd t')n strongly and consists of procixntated niolybdic acid, is obviously no 
I'lDtif of the pri'scnoc of arsenate ion. 

In tlio case of arsenates, J5ettond'»if's reaction takes place more slowly, 
r.qienully when it is a (jiieslion of only ■■'tudll amounts of arsonale. Atox>l does 
"et gu’o lieltendorf's leaetion (tiadiiniei). 

‘ Alox^l also yields hydrogen iirseiiKle (Uadauier). 
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and boiling ooncontrated acid oxidises it almost comj)Iet(dy to 
pontoxidc. Tlio [)Toduct of neither of these oxidation stages is 
absolut(‘Iy insoluble in jiitric acid. ffencc the acid filtrates from 
the preci|iitatos irivarial)ly contain traces of antinnmy. Antimony 
is readily soluble in nitric acid in the presenc(^ of tartaric acid 
Hydrochloric. ai‘i<l, even whori ])oiling, docs not att:i.ck antimonv 
wlien air is excluded. Aipui rvijui dissolve's it n'adily. The solution 
will contain tricldoridc, SbCl], or ])cutacliloride, 8 b(l 5 , accorditig to 
the <luration of the action atid lh<‘. c(>n(M‘nti’atioii. Acconling to 
Ileiiii (Vjvilsi'h. unortj fVn'no, 37, I ; Zr//sc//. andl. (Uicm.. 46, 
hydr(K!ldorio. acid to which broiniiu' has b(‘(‘n added is a still more 
suitable solvent for anlimony. 

2. Anli)tio}iif triojidf (anliinonous oxide), Sb^O.j or Sbjt)^’, ocruis 
either as white, lustious, aciciilar ctvsials, or as a white powiler, 
according to the nudliod (d jireparalion It nu'lts at a low ignition 
tcnijicrature in tin' absence of air, and volatilises without decoiii' 
position at a higher tein[>eratui’e. It is insoluble in water, is rea<lily 
soluble in hydrochloric ami tartaiic acids, and only very s[>aringlv 
soluble in nitin^ acid. On boding it. with liydrochlorii’ acid (fiee 
from chlornu') and |M»lassium iodide (fn'C from iodate) no si'paration 
of iodine takes |»lace (Ihiiismi) hen fus(‘d with jiotassiuiu cyanide, 
antimony trioxide is ri'adily reduc<*<l. 

The ides of trivalont. antimony are white; they po.sse^s 

both a slightly acid and slightly basic character, corresponding to 
antimonous ion, Sb' g antimonyl ion, SbO , and antimonite ion, 
SbO'o- They gradually change, even under water, owing to the 
liberation of wati'i*, into antimony trioxide. 

3. Av(imon;i penfo.ridc (antimonic anhydrid('), Sh.^Or,, is ])alc 
yellow. Three acids correspond to it, ri:. orthoantimouic acid, 
Il-jSbO.!, jiyroantlmonii; acid, lliSb.d.);, and meta-antimonic acid. 
HSbOy. Thesis acids are white. Antimony pi'iitoxide, as also the 
antimonu" acitls. redden moist litmus paper ; they -irc scarcely 
soluble in water, and almost insoluble in nitric acid, but dissolve 
fairly readily in hot concentrated liydrocldoric acul to foi m a sidution, 
which contains antimony pentaiddoride, ybCi 5 , and becomes turbid 
on the addition of water. On l.>oiling antimony pentoxido with 
hydrochloric acid and potassium iodifle there is a separation of 
iodine, which, in the presence of hydriodic acid, dissolves to form n 
brown solution (Bunsen). When ignited antimony pentoxide loses 
oxygen and is converted into infusible antimony tetvoxide, SbJ)t 
Of the salts of ortho-, pyro- and mcta-antimonic acids, only the 
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|)()tasriimn salts aiv soluhU; in water; tlie corrcspoinlinj^ autimonic 
acids arc [irecipitaU^d fioiii these solutions by acids. Soiliiiiu 
chloride precipitates disodiuni dihydrogeii pyroaiitiiiionate from a 
solution of (lipotassium dihydrogeii pyroantinioiiate, Na 2 Tl 2 Sb 207 . 
(Sec _ 

\ The sails oflriaalrnt (oHiaioaij (aiitimouous salts) with volatile 
.iciih are <liM-niu}K>scd on ignition, whilst tla^ haloid salts volatilise 
rea(lil\'and wit hoiit decomposition. Th(‘S(Jul)le neutral antimonous 
salts tedden litmus in conse<pience of hs'drolysis , when treated ^vith a 
iaru<“ amount of watiT thi'v yudd inM>lul>le basic salts and aciil 
solutions containing aulimonous ion Thus water, when aibbal in 
Lirge propoll ton to a solution of aiilimon) tricliloruh' in hydrochloric 
acid, precipitat i“s a vobiminons while' piaa ipitate of basic, ant imonous 
o\ \ cliloi ide (powder of .dgai'ot li), l^(iSb()(hf hich becomes 
he.ivw and er\stalline afl«‘i some time. Taitaric acid readily dis¬ 
solve's th(' pri'i'ipitate,; lu'iice it (U'evcnts tin' prc'cipitalion if added 
pilot' to the addition ol wati'r d’his bidiavioiir distinguishes 
ant imonous oxychloi'iib'. SbOl'l, Irom bismiithyl salts formed under 
the same I'onditions Som<‘ of the basic sails cont.iin the mono- 
\a!ent cation, antimonyb »Sb() , d’artar emetic, 
and lutiny other antimony compounds aie doubtless to bo ri'g.irded 
as simple basK^ salts, but thev might also lx; consideri'd to be •com¬ 
pounds with eomph'.x anions containing antimony. 'I'lie addition 
ot ,i littl(‘ hydiocliloi ic a<'i<l to .solut ions ol tai tar r'liiet le and analogous 
conipoiinds jirodiices a white precipitate of antimonous oxychloride, 
uliich dissolves on the addition of mor<' hydrocldorKc ai'id 

• (’iFri<)oK(Sb())-| lU'l l-SbOtd 

b Hydrogen sulphide prccipilalcs nuhniox'i i/mDnpiitrb/ fraai 
iiiiitial sol a! ions ofli iraicnt anliiiLoiii/, and iio( at all, or al all crnils not 
compli'h'l tj. fioiih alialinf solalioiis, bat Jiohl acid solultt.ins^ if the 
'|iianlitv oi free acid (mineral acid) is not loo great. // jinrijnlatcs it 
<p‘aiil)(alirrhf as aniorphoiis onuup'-rvd antiaiomj salphul<‘, 

The plea ipitate is readily dissolvt'd by potassium or sodium lujdro.nde 
■‘'olalioii, a,nd by solutions of alkali sulpkidrs, especially wlum they 
'■oiitam iiolysulphides, but is only slightly soluble in ammonia solu¬ 
tion (distiiudiou from antimony peiitasulphide), and, when free from 
antimony pontasuI[>hide, practically insoluble in ammonium hydrogen 
carbonate solution. It is insoluhle in cold dilute acids, and also in 
allodi hydrogen sulphite solutions. Conevnirated kijdrocldonc acid of 

gr. 1'18 dissolves it, even in the cold, with the evolution of liydrogen 
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sulj)lude, whilst it is soluble civn in hydrocMiric (wid of s]i. gr. 1 12 
when heated. 

When lieatcd in the absence. o£ air {r.g. in a current of carlioii 
dioxide) or even hencatli a liquid, the orungc-ml anlinunuj Irmdphidc 
is converted into hluck trisul|)hide. In tlie jiresenco of air tlio, 
preci|)itate is converted into a nii.xture of antimony tetro.vide with 
antiuiony .sulphide (trisul|iliide or ])enta.sulphide). On hoiline a 
solution of antimony trisuljihide in potassium hydroxide or sulphnle 
solution with bismulhous osule, hismuth sulphide is forniod, while 
antimonite ion remains in solution; if the alkaline solution is 
boiled with cupric o.cklc, cuprous suljihide will he produced, and the 
alkaline solution will tlien contain pyroantiinonate ion. By ignitinj; 
antinioii)' sulphide w'ith sodium nitrate, sodium sulphate and sodium 
pyroantiinonate arc obtained. t\dicn heated in a current of 
chlorine or ignited with a mi.xtiire of .b parts of ammonium chloride and 
1 part of amiuonium nitrate, antimony sulphide volatilises completely, 
being decomposed in the process. If the latter operation is curried 
out in a tube fused together at the bottom, or in a current of air, the 
antimony will be found as trichloride in the sublimate. On fusing 
aiitiinony sulphide with potassium eganide, liemcnturij untimomj 
and potassium thioc.iaiiati' will be obtaiin'd. if the operation is 
carried out in a small tube, the lower |)art of which has been 
blown into a bulb, or in a current of carbon dioxide (cf. Sec. cSi), 
17), no sublimate of antimony will be obtained. If, however, the 
antimony suliiiude is mixed with sodium carbonate or with 
sodium carbonate and potussiiim cyanide, and heated in a current 
of hydrogen (ef. Sec. Wl, end of 17), an antimony mirror yill be 
formed in the tube immediately beyond the iilace where the mixture 
was placed. 

Hydrogen suljihide jirccipitates aiitiimmg pentasidgdndc, Sli.iSs, 
mixed with antimonv trisulphide and suljihnr, from a solution of 
antimony penloxidc. The precipitate dissolves readily in a hot 
solution of sodium hyilroxide or ammonia, very sjiaringly in cold 
aminoniiim hydrogen carbonate solution, and readily in boiling 
concentrated hydrochloric, acid, with the evolution of hydrogen 
sulphide and separation of sulphur. 

6. Ammonium sulphide produces an orange-red precijiitide. oj 
antimony Irisidphidc in solutions containing trivalent antimony. 
The precipitate dissolves readily in excess of the precipitant, 
especially when the latter contains polysulphidc. Acids precipitate 
antimony pcntasulphidc (ShjSj) from this (polystilphidc) solution. 
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Its orange (KjIoiu', liowevei, usually appears paU.T under these con¬ 
ditions, owino to the presence of adini.ved sulpliur. 

7 . Sodium thiosiilphule precipitates (inlmioni/ stdphide or, under 
.suitable conditions, red “ antimony vermilion,” 8 b^S 20 , a 

mixture of Sb^S.^, with varying small (piantities of 8 b 20 jj. This 
niav be verv readily obtained by treating a solution of sodium thio- 
.siil))liate with an mpieous solution of sulphur dioxi(b‘ (whereby tlu^ 
solution becomes y(‘llow'), adding a small (quantity of a solution 
containing trivalent antimony, and heating the Injuid to U>iling 
point. Th(^ h<|uid first beeomes turbid owing to the si'jiaration of 
.siilj'liur, and the antimony is then pn'cijiitated as led antimony 
veimilion. 

8 Potassium hydroxide, and also sodium hydroxide, ammonia, 
sodium carbonate, or ammonium carbonate, ])iodue'' a voluminous 
v\hite precipitate of antimon\' h\ilr(y\ide in solutions ot antimony 
trichloride or of simph^ antimony salts, Init less eompletely and only 
aft('r some time in solut ions of tartar emetie or aiialogons compounds ; 
this jirocijntate, in accordance with its slightly acid character, 
dissolves faiily naidily in excess of potassium or sodium iiydroxidc 
.solution, hut is practically insoluhle in ammonia solution, and only 
diN'olve.s in sodium carhonat.e solution when heated. 

Metallic, zinc and, in similar manmu-, inetalhe, tin (distinction 
from tin (rieszczek)) or uuujticsiiim^ precipitate rlritirhlm/j (infiuwfii/ 
uv a (duck powdor fioiii all yvlulimis vf aidunonu yulls, if t lu‘y contain 
no free nitric acid. If a fmv diops of a solution of an antimony salt 
containing a litth‘ free hydrochloric a<id a.r<‘, placed in a plutnnuti 
basin («j' the inside of a platiniiin criuablc lid), and a small Iraguient 
of zinc or tin introduced into the solution, antimony separate's, while 
liydrogim eoiitaining hydrogen antimoinde is (‘Volvcsl. The purl oj 
tin' platnnnn covered Juj (he lojunl becomes hioicn or bbiek, even in the 
‘•ase of very dilute solutions. This reaction is as sensitive as it is 
tliaructeristic. The dejiosited antimony dissolves m hsdrochlorio 
aeid of bp. gr. 1 ‘. 12 , s])eedily evi'ii in tlu' cold when the stain is very 
slight, but slowly and only after heating when it is ju'onounccd ; on 
lieating the deposit with nitric acid containing a little tartaric acid 
it dissolves immediately, 

10. On lieating a solution of an aniimmuj salt containing a little 
hydroc.hloric acid with bright iron, cu], a small iron rod, the whole of 
llic antimony soon separates m the form of henof black flakes. (Dis¬ 
tinction from tin.) 

On treating (in Keiiisch's test) a solution containing antimony 
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ions with suOicicnt hydrocliloric acid to j^ive a solution containiiiL; 
about 1() j)cr cent, of that acid, and boilinj^ tlic liquid witli tJuu 
strips of bright copper foil, the antitiiony is i)reci]>itatod on the 
copper in the form of a violet dofiosit. When the copper strip 
is washed, dried, rolled U]), and lieatiMl i!i a glass tube, a (lum- 
crystallin(‘) sublimate is obtained, although only after strong heating 
The precipitation also talo's jjhna; in the pres<'nce of organic sub¬ 
stances (Jlow(‘ and Alerlins, Zentr.. 18’J7, 1 , 78). 

IJ. (hi Ireoliiiij <i .<.ohilloii of (t iroleef oidinuituf in poUissiuju n, 
sodunth liifi/rojidc sofnhoH (obtaino<l bv ])recipitation with alkali 
hydroxide and dissoKing tin* [irecijutate in (’xccss of the rcMgrui) 
with .silver iniHtie. t here is produc‘'d, in add it ion to a grevish-bi own 
prcci])itat(^ of silver oxide, a deejj black jiiisipitat*' which w.is 
formerly con.sidi'rcd to be silver suboxidiu t )n 1 hen adding anmioiua 
solution in excess, the sdver oxnh' dis.solves. whilst the, bhu k pie- 
eijutate. remains undissolvi'd (il, ltos<‘). According to the inv(‘-stig,i 
tions of Ihllitz, this preci[>itate is a mixture of aidnnont/ and .'ohn m 
variable j)ro]>ortions, and possibb' also cmitains a chemical compouinl 
of the two metals. This I'xtremely sensitive, reaction alToids a 
particularly good means of delecting trivalent antimony in the 
jiresonce of pentavahuit antimony. 

12 . Tf a solution <‘ontaining antimony ions is introduced into .i 
flask in which hijilroijeit is beiiuf eroleed Jroni pure '.me imd dd'd>' 
sulphuric ueid, the zinc-, in addition to causing the evolution (h 
hydrogen, also elTects a reduction of the. antimony compound 
Anlinmiy thus sejiundes iu uuiidlic foruh (see D), hut at the moment el 
separation part of it also comhines with tlie hydrogen to b'liii 
gaseous /lydroyeu uidhuouide, 8 bJl 3 . If this o[)oration is earru'd out 
in the upjiaratus iisiul for Marsh's test for arsenic (Sec Sth 12). and 
light applio<l to the hydrogen issuing from the. iiiu; jet,^ after .ill 
atmospherie air has been expelh'd, the Jluine inll uppair hluish-ijivui 
owing to (he antimony whi( h is liberaltul in the deeoinposition of the 
hydrogen antimonide, and liunis in tlie flame ; this ]troduccs u nioU' 
smoke of aulinumij tno.iidi', w hich is readily deposited on a eold sni f.u e, 
and is not dis.solved hy water. But if a cold substance, prejeiuhln « 
porcelain dish, is held in the Jlame, metallic arddniony in an exlrom'l'j 
fine state of division is deposited npon d as a deep black, almost lusfrel'‘'^s 
spot. On heating to redness the middle of the glass tube through 
which the gas is passing the hliiish-groen colour of tlic ilanie 

1 The colour of tho ii.imo apijcars particularly distinct and pure when ll" 
gas issues from a pl.Uinum jot. 
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(iiiniiiislics, juul, at tlie same time, a ffdivrn lu'^tions nuln/lic nurror 
i>f tiiilnnoiiif is ])rodiiced on both sides ol the hoatetl part of the glass 
tube 

Since cenijioinnls of ursioiic jiroduce similar stains or a mirror 
uhdri llie same conditions {rf. Sec. 8'J, 12). it is necessary to npjdy 
lintlici tests to thmii, Ixdure it can be stated with certainty wlictlicr 
I li<‘\ ( onsist ol antimony oi contain it. A miiTorcontaining antimony 
jn.i\ ln‘ idenijlied by tlie lact that it only volatilises at a fairh' high 
lrtn]H‘i-atui<“ on loMtiiig tlie tube tlirough which hydrogmi is still 
[Mssine. that t!i<‘ liwliogcn issuing from tin* tube has no odour of 
yaiiic. that wleui lighted it only deposits spots upon poriclain when 
llie cmic'it oi gas is strong, aixl that the mirror Ix'fore volatilising 
Dii'lls mio small lustrous globules, wliu'li aie distinctly piu’ci'ptible 
w il li lie- ai<l ol a h us \\ it h r(‘gaid to 1 lie furl her diheMuil lat ion of 
and miirms n| aiseme and anlimoM\', see 84’<' '.)g. 8. 

'I Ih' pieseie nj iiicH niy compounds, cspeeialK merciii ic (diloruhg 
and .iko ol sidphitcs, has an idTcct upon the (hdcclioti of antimony 
li\ nu.ms ol Maish s apparatus analogous to tluur idTcct iijioii the 
dclr( tion of aismic (<y )See 8th -I-) 

'1 lie l)clia\iour of li^'di'ogmi loiilaining hydrogt'ii aiitimonide 
tiiwaois a solid ion of siK'er iiif ralt; or niei ( iii ic rliloride anil towards 
.'itiid jiotassmiii lt\dio.\uh‘ will he desc.iil)e<l in Sec. 

Id <}/! hcitfniij <in (ilkiiluic sohilioit r(>nhn/un;f unliiiionij /o//s 
lined 1)\- the use of excess oj potassium or sodium hydroxide 
.^"liitioii) witli 'ilitHitnhoti, urnc, or a little, hydrogen will 

I"' iihriatial and (he zvJtole oJ the (ii'innonij prccipiOifctL Hydrogen 
•nitiiiuuiide is not iiherated in the process. (J)istiii< lion from 
•iiM iiite loll, whi' h. when triadtHl in tier same wa\, yields hydrogen 
■useiiide. ilag(U', (hitehoiise.^) The test does not distinguish 
■nitiiiiony limn a.i.senate ion. Sec. 1)2, d (d). 

il W hen a mixture of a solid antimony compound with sodium 
*'"di<>/H/if or, helt(‘r, with soihum curhonuk' and pokissiazu ctjanide, 
\Mtli ^ndnno j'oYomk' is exposial to the inner blowpipe flame in a 
on charcoal, rouzzd hutilc paiiKics of mdallic <()diinontf are 
"’'huiK d. and may bo naidily identified by the eharactenstie plieno- 
wIihIi tluy show on oxidation. For example, if metaihe 
•'iitinioiiy lieated on eliarcoal befoni tlie blowpipe, it produces a 
if/iilr of iudnnouy trioj'id<\ wdiich forms a deptjsit on 

‘ han-oal; this phenomenon continnvs for some lime after 

I Ol a furtln'r r(‘action of aiitiiiiuny, doi)cii<liiig on its reduction to metal, 
‘^'V. Si), luofuote. 
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the substance has boon withdrawn from the flame ; it is espeoialU- 
pronounced when a cuircut of air is directed on to tl\c substance hv 
means of the blowpipe. U, lntw»;ver, the air is eliecke.d, so that tlir 
smoke rises vciiicailv, the imtallic j^ranule will be surroanded by ,, 
network of })ointed, bistnuis (■r}stal.s of antimony oxide. 

Ifi. On iiUroduoing antuuony eompoimds into tlie npyer icdHcni<i 
area of the (jux Jlamc (p. S2}, ^ coivur is imparted lu 

tlie flame, init no odour is dilTused ; tli(‘ reduced deposit is Idack, 
and either dull or lustrous, whilst the oxide deposit is wliite. \\ lien 
it is moistened witli ahsoluh'ly neutral silver nitrate solution, ami 
ammonia vapour blown on to it, it gives a black stain (Bunsen) 

10. With regard to tlu^ ■imci’ochoMcal of tlu^ ions -it 

antimony, s(‘e jlausliofer, M lhosl<>i)i.-<l/<' Ji<'(ik(ioiicit. p. 11. 
Ilehrons-Kley, Mil-wvlLcmischc J/ndy/.-'C, drd <‘d . p B'l ; Dcnigcs. 
Zeii'^rh. <ntal. ('hrm , 4C. Otll and titt2 ; Sclioerl, Jbuf . 47. ."ITo, b81 , 
Sjollenui, (J/irni. Zviitr . k. 7ti2. 

Sm:. '.12. 

SiinuiKii If (iiid /’c>/<ur/-s on (Ironp VI.. Dm 2. 

Kor the detection of the (‘lenients of tin' second division ul lln' 
sixtli group ill mixtures or soiutinns wlinli contain all or scvei.ii "I 
them, widely varying methods may he cmplo\od ; and it lauiiiuf l-i' 
stated du'e< tly which method is the best, since the choice* ol one <ii' 
another method will <lcpend largely U])on the proportions in w lin h tlie 
substances are [Uesent, and upon wliethi'i: it is desired to adaiu -'s 
high a degree of ac< uracy as jiossihli*, or to accomplish tiie cinl in 
view rapidly vvitliout attcm]»ting to remh the higliest dcgrct: cl 
accuracy. 

in the following paragraphs we first ilescribc flu*- different iiwl k"l’' 
which are suitahle for tlic separation of iin, anhniomj, and 
from one aiiotlierd and then the methods ol dtslivifnis/nnif bihnu 
the diffnicnf slatfcs of rdlninif o/vanh itnhvidiKil rlcinrnl, ond (dboJ'“ 
separotion oj ihc. lonn o/<jo{d and p/uitmem from (ho.sc oj lui, an(iii"""J 
and ar.sejiic. 

1. If 1 part of a dry mixture of the sulphides of tin, antnuoii} 
and arsenic is triturated with 1 ]iart of anhydrous sodium caihoiiat 
and 1 part of potassium nitiate, and this mixture is introduced iitd 

* It is obviously inipossiblo to mention hero all (lie ditfereut nietli'-xi® I'C 
posed, since the reactions, by means of winch tlie three elements may tc ' ‘ 
tinguished, can be grouped together in widely different forms. 
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liv little into a small porcelain crucible, in wliicli '2 parts of sodium 
iiirratc are bciu<' fused at not too bigli a buiipcrature, tli(‘ sulphides 
\m 11 be oxidised with slight explosion. Th»^ fused mass will contain 
oxide and the ar.seiiatc and antinionate of sodium, together 
wwh sulphate, carbonate, nitrate, and nitrite. The heat must not 
he iii(Teas(“d to siu li an extmit or continued so long that- sodium 
oMde IS foniM'd fioni th(‘- sodium nitrite, sirn-e ()therwis<‘ sodium 
si.innate, \\hi<h is soluhle in wati-r, will be [n'odueed. On treating 
the mass with a lillh' ('old water, slannii^ oxiih' an<l disoilium djhy- 
,!t(.'^rn p\ roanf inionale will nmiaiii iindissolved, wliilst sodium 
.iiM-nale and the rest of the salts will be dissolved. 11 the liltrato 
l^ ,i( iJil’a'd wifli nitric acid and lieat-ed,' so as to expel carbon ilioxido 
. 111(1 iiitri'gmi tiioxide (nitrous anhydride), tin- arsenates may be 
Hp.irated and nleiitilied by means of silver nitrate, ns m Si-m t)tb o, 
(ii \i\ means iil magnesia nnxtmo (See 0(), p). or ns ammonium 
arMiiomo]\hdate. On tn-almg the lesidiie oi stamiie oxide and 
(liHxinim dilivdrogen [lyioantirnon.iti' (jireviously w.isln-d once wutli 
lold water and at least threi- times wMli dilute ah-oiiol -) wuth a little 
livdroelihn’K a* n! in tin- inverti-d lid of a platinum eriieibh', and 
penll\ hiMling it, it either dissolves comph'tely, or, if mueh stannic. 
<)Xi(h‘ IS present, remains as an insoluble wdnti- pwaipitate. If this 
IS igiiored and a fragment ol zinc is added, the metals an- sejiar.iliMl; 
Ilic presenee of antimony is indicated by the Maekeiiing of tlui 
plalimmi On 1hen remo\ing tin- zme aftc-r the evolution of 
livdmgen has nearly st()p[K‘d, s('paraling the zinc (diloridi- solution 
hv (.indiil decantation, and lu-aling the emitents ol the li<l with a 
lilll<‘ h)(tlroehloiie acid, the tin will ilissolve as stannous chloride, 
ulnlsl I he ant mioiiy, if jmi'simt in (‘onsiderable (piaiitity. will remain 
utidissolved m the form of black Hakes. 'Idu- lormer may be idmititiiHl 
ill tlie solution by means of iiK-reurie chloride or a mixture of ferric 
'hlmide and potassium I'erneyaiilhc and the latter by dissolving it 
111 iiitne acid eontaimng a little tartaric acid, and ti-sting llie solution 
with li\droeen suljdiiile. Should anlimouy not have lM‘(‘n didi'cted 
with eertamty hy tlie foregoing reaedions, a jiortion of the solution 

‘ It a itrccipjtato is formed oii acidifying the li<iuid with lutiie mid, it is 
due Id .staimi(n hydroxide, wha li lia.s separated from the sodiiiin si,annate (if 
die ftoidu lia.s been nia<to at too liigli a ternpiaature). iStannic arusiate will 
•iImi ho iiroeipitated witll it, so that small quantities of ar.'^enie may he eoiie 
ly procijiilated and escapi' det«?etion. 

I'ti(‘ removal <.>f arsenate ion i.s e/.-.o neee.ssary to ])revent any liydioyen 
T'* iiule heinu: fornusl m tlie .subsequent treatment. The pieeipif.ile must 
ht refi)t<* 1)0 thoroiiglily w.vsiied. Alcohol is a(lde«l to }ii<'\ent the diyoiliiim 
uili\(irdg(.ii'|,vi-y.mt,„ionjvte’dissolving. 
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obiainc(l by troatin^ tbe iiiftals witli hydrocliloric acid is cva]>or!ili'(l 
to a small rosiduo, and, after tlic addition of a drop of liydroclilnrir 
acid, te.sted on a ))latinnm riMjcibb' lid with tin (8(‘c,. 01, 0). Smer 
this method of detecting arsenic, antimony, and tin in the presciKc 
of each other is dealt with in the scheme of analysis, we have milv 
described the j)iinci])l<‘s here, and for the details of their apjdicutuni 
reference nuist l)e mad<^ to the (irst chapter ot tin* second p.nt 
(Rubric No. 120 ci -s’n/.). 

2. On gently heating a mixture of the .suljthides of avsiuiic 
antimony, and tin with fuming hydrochloiic acid (after it lias hi i'ii 
freed from the greater jxaiion of the adherent water by ])laeing l!ir 
filter containing it on porous paper), the. sulphides of t in an<I ant inicn\ 
dissolve, whilst the arsenic suljihide launains undissolved. Tlr' 
liquid is heatial until the hydrogen sul]>hid(‘ has (‘seajieil, and is then 
diluted with a litth^ water, and tilleri'd. If tlu' arsenic, sulphuh' 
(including the filtiu’ papi'r, if (uily a. very small amount is prcscnl) 
is treated with hot concentrated hydrochloiic acid, and the sohilimi 
diluted with a little wati'r and tiiterial, the n*.'^lilting arsenate i(»ii 
may easily bo detected in the filtrate bv means of ammoniinn 
molybdate (.See. 1)0, 0). On treating arsenic sulphide with ainnicuu 
solution and evaporating the solution after the addition ol <i gnmiili' 
of sodium carbonate, an ansimic. mirror nia.y be obtained hy hcatiiii 
the residue with potassium cyanide atal sodium caihoiiate in .i 
current of carbon dioxulo (Sec. 80, 17). The hvilrochloric acul 
solution containing the tin and antimony is healed for a short liiiii’ 
with a small bright iron rod and allowed to stand for ten to mb'rii 
minutes. This causes the antimony to separati* in blac^. ilak''> 
whilst the stannic ion is reduced to stannous ion. 'I'lu* liqiiui i' 
filtered, and the liltrate tested for stannous ion by nuains of mcT. iirn- 
chloride. As a confirmatory test the si'paratcd aaitimoiiy iii.u If 
thoroughly waslied and dissolvial in mt.ric acid containing a .''MKili 
quantity of tartaric acid, and the solution trcMtial with )iydii'L;''ii 
suljihide. 

3. Wdieu a mixture of the sulphides is digv''stcd with a iiltl'' 
ordinary solid ammonium carbonate (mixture of ammonium h) ilicg'ii 
carbonate and ammonium earhamute), (NJfiJ 1(’();{)N11 '< 

and water at a moderate heat, the arsenic sulphidt' is dissolved, aii'l 
may be re-precipitated from tli(‘ filtrate on acidification, 
antimony and tin sulphuh' remain undissolvcd. This soparaticii 
liowever, is not quite conqiletc!; iraci's of the sulj^hides of antinioio 
and tin arc dissolved, whilst a little arsenic snljdiide remains m tl'' 
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ii'suliie. Jt is, tlierefore, nocossiLry, wlicii absolute eertaiiity is 
1 " wasli tlie proeipitiiled arsenic, siilplndi' olil.amed liy 
,c iilifyiii.u till' alkaline solulion (es|iecially ivlien it consists of only 
,1 feu Hakes) and to trea,t it witli annnonia solution, to evaporate tlic 
solulion allei- tlie addition of a "raiiiile of sodium carbonate, and to 
Ills,' tlie lesidue with potassiiiiii eyanide and sodium carbonate in a 
( 111lent of earlion dioxide, so as to obtain an arsenic, mirror. Tlie 

II Uilne, insoluble in a.ninioniiinLeail)onate solution, should be treated 

Us 111 t’. 

I. In till- analysis of metal alloys a residue, insoluble in nitric 

III 111 and (‘(nisistiny of stannic oxide, oxyoim conipoiinds of antimony 
, 111(1 .iiscnic peiitoxidi' is friapiently obtained This is fused (jne- 
|i i.ibly with sodinin liydiovide) in a silver enn ibled the mass stirred 
uitli a little w.ilei, the li(|nid tieated with a thud of its volume of 
til |ier lenl (liy weiylit) aleohol, and lillered, and the insolnhle 
ir-i(|iie of disodiuiii ilihulroyen pyroani inionale washed with ililnt.e 
.iiiohol to wliieli a lew (Irop.s o[ .sodnini eaihoniite solulion have 
I'lCii added In the pieseneo ol inin h tin it is advisable to treat 
llie lesiilue imaiii 111 tlie .same, wa}', in older (o extraet llie whole, of 
the slannalc. Tlii' liltiatc is ai idilicd with liydrocliloi ic acid and 
till- ions of tin and iiiscmc prcciintatcd from flic liol suliition as 
sill [(hides, u liicli arc then sepal a ted, picicrably as in 2 . 

Minihir nictliod lias been projioscd by O. Kassner (Zi-iIkc/i diui!. 
t/('ic , 34, .''.Hi), in winch the moist sul[ihides are mixed willi water 
and nxidrsed willi sodium peroxide, the licjnid evaporated in a silver 
iiiiiible. and the residue fused. The llltrale bom the iii.soliiblo 
ihsodiinn dihwlioneii pyroantinionate is slinhtiv aeidifieil with 
i^nll'liniie ,ieid, llie staniiale ion preeipilaled willi ammonium 
'hhiiide- and the arsenate loii preinpitaled b\' ineaiis of magnesia 
"Iisiiiir liiiiii the filtrate (cj. ahso Walker, Zcilt.ili Clii'm.. 46, 

I'"||) I’eleisen (Zi'd.se/i. ««()/(/. ('/(e//(., 88, Ills, Zii'il.sch. Iiiiiil O/ii-iii.. 
54. (,i) hods the snljiiiide with l() to l,h e, e ol water and a spatula 

hill 111 sodium jieroxiile. J)i.s<.idiiim dihi'ilroceii [iN'i'oalitiniouato 
''T'li.iles on eoolinc the Ii(|uiil. Staiiiiate loii and arscii.ite ion niav 
5e dell I led III Iln. nitrate, c.i/. as in Kassiiei's method a bin e. Kor tlie 
•lUcitinii ul arseine I'eterseii leeomiiieiids the use of riellendort's 
1^' ai I ion (See. Stl. t,>), after the addition of eoneeiit laled tii'droidiiorie, 
■" III to the fihiate If mneh tin is piesent, the .solution ol the fn.sed 
"lass nia\ be tnrbid under eertaiu eonditioiis lii (Ind, easi' it 

' I'^or flu‘ iiicIIkkI of till'll, scr ]> HS. 

■ )Seu footnott* i, [>. liliS. 



368 behaviour OF SVBf^TANCEfi TO REAGENTS cn. ii 


should be filtori'd while hot; the antimonate separates from the 
filtrate on ooolins- 

F. L. llahn {Zelti^ch. anon/ Chum., 92, 1C8 ; Zeilsch. anal. Chvm , 
56, 53) extracts the. iiiixtm'i‘S of sulphide and sulphur with sodium 
sulphide, solution in the I'ohl, adds about twice the volume of 10 ).or 
cent, sodium hydroxiih^ solution and bydroeen peroxide, and heats 
the licpiid if necessary to boilinf? point. Tlie evolution of o.xyecn 
shows that enoufth hydrogen peroxide is present. The addition of 
alcohol soon causes the preeipitiition of disodiuni diliydrogen ]iyro- 
ant.i'nionale to be complete. JIahn’s method of separatins stannate 
and arsenate ions in the filtrate is essentially the same, as that of 
Kassner, since after cvaporaline the alcohol he adds aininoniiim 
nitrate. > and exjxds the ammonia by boiline. 

5 If. therefore, it is a (juestion of detecting very small (piaiil itics 
of arsenic ions in the presence of large ammmls of tin and antimony 
ions, it is advisable to distil t he solution containing the chlorides with, 
not too small a (piantity of fuming hydrochlorio acid and ferrous 
chloriile or ferrous sulphate.'-^ using a receiver containing chille.l 
water, until about a fourth of the liquid has distilled, and to lest 
the distillate with hydrogen sulphide (M. Ki.sidier, h. Hufsehniidt, 
A. Clas.sen). The method is h'ss .suitable for the .simultaneous 
deteetion of antimony and tin ions, since the distillation must then 
hP continued and repeated until the whole of the arsenic, ion has 
distilled, in which i-ase small ((uantilies of antimony and tin ions luav 
also be, found in the disl illati'; and also on account of the fact that in 
preciiiitating tin and antimony by means of hydrogen sulphide from 
the distillation residue the sulphides are obtained in admixture 
with a large amount of sulphur. A solution suitable for distillation 
can only be obtaineil from the sulphides by heating them with 
hydrochloric, acid, with the addition of a little potassium chlorate, 
or more conveniently by suspemling them in water and introdiicmg 
sodium peroxide (Th. Poleck), or by heating them with concentrated 
sulphuric, acid (ITato).-' 

Arsenic may be separated from alloys in a siiml.ar manlier In 


1 If tin is proci|iitat<-(l by means of ainmounim cldorido or nitrate, arsi nu- 

iXo using the maXs’mcntioned for the detection of small quanUtics 
of arsonS it is nielry Fo test (hem by the distillation method, to bo certain 
tlipv <irf' fvbsohiU'ly from (irscnic. • 

• For details of a distillation method of Beparatiiig tlie 
which, however, is more smtahlo tor ipiaiititative purposes, ' 
anmq. Chev!., 68, 2(1; Znbc/i. amd. them., 50, Ml. W. Ilaiim.i 


58, 148). 
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ilistillation of a liyilrocliloric acid solution with a large amount of 
ferric chlorido. Under those coiiddions during the solution of the 
alloy, reduction to ferric chloride takes [rhic.e with little, if any, 
eiolutiou of hydrogen, so that only arsenic triidilorido distib 
(I,, de Konini'k, Chem. Znilr., 1895, If , |1,'}2). 

Arsenic; and antiiiiony ions may be se|iarat«‘d from each other 
1,1 treating them with methyl alcohol and hvdroehlorie acid, and 
ch^tillmg the' licinid at; the temjierature of the water bath. Only 
■Hseme trii-hloiidc' distils, whilst antimony ions nnuain in the residue 
(l‘'i iedhemi and .Miehaelis, Zvilscli.. anal. Chem.. 39, 70H; ('antdni 
.01(1 ttuiulcmis. Had, 49, 72l»; Moser and Perjatel, Und., 52, 314; 
I'lillins, Und . 52, .591). 'I'he la.st-mentionc'd chemist points out that, 
to prevent the im.ssibility of siiimltanoous distillation of antimony 
Ions, all moisture must be c‘xeluded. 


(1. Arseme and aniimoiiy ions may be readily separa,ted by treat¬ 
ing I part of the solutiou with 2 parts or more of hydroelilorie acid 
ol sp, gr I 2, and introdneing liydrogen sulphide gas. The arsenic 
loa IS then pie, ipitated, either as trisnlphidc or pcmtasulphide, 
■a eording to I he eoiidil ions, whilst antimony ion remains in solution, 
inav he piec ipitated uith hydrogen sulphide after dilntiiig the 
lid uilh nafer (t) Kohler, N'eher). A similar method may he 
iiM-d for the .sepaialion of antimony ion from tin ion, the' solution 
eoiil.iimiig the tin in t(‘travali'nt form henng trc'ated w it h eoneentrated 
liMlioehloiic- acid of sp. gr I'lS, and diluted in such a wav that for 
e.n li pait ol w.dei j pact, ol this acid is pivsent, since from such a 
sol'ilion oiiI\ the- antimony ions and not the tin ions are prc-eijntaled 
hv gaseous hvdrogc'ii sulphide (hovilon). Aeeordiiig to he Roy 
.Met !)\, and also K 'I hii'Ie, the* sc'par.itloii of stannic- ancl aait.i- 
nic'iioiis ions may also be ellVet,-,| b\ tieating the hydroelilorie or 
.'iilpliiiric acid solution with Jiydrofliioric- arid, only antiniony 
sulphide b(-ing thc-n pri-c ipitalc-d from this solution hv means of 
liydrogen sulphide {Zed.sch. anal. Chem . 51, ti.Sd) 

If siieec-ssivc- preeipita,l.ion with hyulrcige-n sulphide is to be- u.sed 
J'lr the separation of the three elc>mi>nts, arsenic (which should pre- 
1 k’ in tlic oomlition) and antimonv inti aro first 

< ij'itiih'il loifuf licr from a Itot solution oontainin^r miiuh oxalic 
sulpliidos dissolved (ns dcscrilH'd in No. 5 at tin' end of 
I lost paragraph) and then separated from a solution it) strong 
iwlio(‘|ih>jn; acid Ifv the method outlined above, lin ion may 

I"*' i|)itai(‘d from the lirst solution 1)\ means of In'drogen sulphide, 
a tu ihHomposition of the oxalic acid bv means ol potassium 

21 
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perrnariganiiic, or ii may also lx* sci)arat<xl as tin sul[>hi(lo hy troatuiu 
the solution with ammonia and ammonium sulpliide and then adding 
acetic acid. 

7. On a<ldln" a saturated a(ineous solution of hydrogen sulpliidc 
to a solution containiii;^ })<‘ntaval<Mit arsenic and antimony ions (wIik li 
has been acidified with hydrochloric acid), and then passing a cuncm 
of air througli tlio liquid for a. few minutes in order to remove Uk. 
excess of hydrogen sulphi<le, the precipitate will <‘ontain the who!.,- 
of tjie antimony as ])entasulphide, hut no arsenic. The lattcT mav 
auhse(pi<‘ntlv he pn^ipitated hy lu'atijig the filtrate to 70’^, ai^i 
introducing a i urrent of liydrogen sulphide (Bunseji). 

8. In 8oe. 81t, 12, and Sec.'.H, 12, it is stated that in Maish's t(■^l 
spots and a mirror ma.\' he juodneed both by arsenic and antiin<iii\ 
'Po dilferentiate tlumi it may be noted that the s]M)ts dojinsited iiom 
a flame Uj>on a cold suTtace hy arsemie arc brownish-black and ukiH' 
lustrous, whilst (hose produced by antimony are dull and de(‘]> fda k 
Arsmiic stains may also fic readily dislingiiislied from antunonv 
stains by treating thmu with a freshly prepared solnticn of sodium 
hypochlorite 1 and sodium chloridi* (made by adding sodium (,n 
bonate to a solution of chloride of lime, and filtering tlie liquid), m 
which arsenic stains dissolve immediately, whilst, antimony st.iia^ 
are insoluble or only dissolve after a eonsiderabh! tniie.“ Aiiiitlirr 
method of identifying arsenic stains is to lieat them with a ku 
drops of concentrated hydrochloric acid. They dissolve as arseme 
acid, w'liich may I'c riMdily deteded by means of ammonium mol\)»- 
date (si'C .Sec. tMi, t) (bemges)). 

The metluMls desenbed in Sec. tH, (2, and 8'.t, 12, are quit e snlliin nt 
for distinguishing betwi'cn an arsenic, mirror and an aiiliiu'an 
deposit, ]>ut in many ca.scs will not permit ol the certain deteitiitn 
of arsenic when present in admixture with antimony. The h'.'t 
method of ai riving at a certain conclusion in such cases is as follows - 

The long tube, through which is passed tin* gas to lie subjcdi'd 
to further tests, is heated to redness in several places, so as to ol'l-nii 
as pronounced a metallic mirror as possible. A very weak ciinnit 
of dry hydrogen sulphide is then jiassed through the tube, and tin' 
metallic mirror lieated by means of a Bunsen burner, starting Imm 
its outer edges. In this way, when only arsenn^ is present, y il'>w 

* According to Vaubcl and Kmuiko {Zdhfh. luutl. (’Ji'-w., 55, 512) anti(ii"ii' 
stains arc soluble in liypocldonto solution wliicli lias been ke))t tor Kome lime. 

^ Bismuth stains, which may be obtained when bismuth prei>aniti<>ii’ ‘“I; 
tested directly in Mar.sh’s apparatus, are in.sohible in sodium liypcsulpH* 
solution (B. 1’. Cladwcll, Zn^rh. anal. Cfmn., 48, (554). 
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.irsciiic. sul|)hi(lo i.s formod in tl,,. tube, wliilst wlion only antimony 
Is [»n'sont, or.mgc or black antinn)ny snljihide i.s obtained, but if 
t lie inotallic mirror consisted of arsenic and antimony, both sul|)ldde.s 
, 11 c |>roihiccd, but in such a way that arsenic sulphide, as the more 
\ol,dilc>, IS invariably formed before the le.ss volatile antimony 
si,i|iiude. On now passing ilry hydrogen chloriile through the 
liilie, Hliii b contains arsenic sulplude, antimony sulphide, or both, 
but uilhout applwng heat, no change ndll be observed if only 
arsenic sulphide is present., even when the gas lias passed ovw the 
sul|.liiile lor a long time. If only antimony is pivsent, eviTything 
will be lol.ilili.sed from the tube, and if the current of gas is coir 
iliii led into w.iler, antimony chloride mav be reacblv detected in the 
l.iller be means ol hydrogen sulphide, bastly, if both arseiiic and 
.oiliiimiiy aie present, the aniiiiiony sulphide soon \ ol.dilises, 
le.niiig the lellow aiseiue sulphide behind. I),, mliodueing a little 
.uaiiionia solution into the liibm the aisenie sulj.hide wilT be dis- 
snhed and so m.iy c.isiK' be distinguished from sep.iraled sulphur. 
'I'hese MIIIOIIS re,let ions when used in combination never fail, accord¬ 
ing to the (‘\peimieuts of I! Kieseniiis, to deleel, the pre.senee of 
siseiiie The lolloHing met hod for distingmsliiiig between the 
depoMis also depends upon the same eheimeal proee.sses. The 
deposit is obtained on a gla.ss pl.ite and moisteneil with ammonimu 
siilpliide solution, wbicli is tbeii evaporatisl with the aid of lieai., 

• md the glass placed, with the deposit downw'ards, over a beaker 
loiii.iiiiiiig fuming liydroidiloiic acid If only antiniom is pre.scnt 
tile (iiaiige coloured residue will di.sap^iear, whilst in the presence of 
si.'enie y ellow arsenic sulphide will be lelt (.1, Aiidersoii). 

b .Vnliiiioiiy and arsenic nia,y also be separated by the following 
methods, when ]iresent in the, form of a lui.xture of their hydrogen 
' oiiipotijids; (u) The gases, nu.ved with excess of hydrogen, are passed 
llimiigli II I'.idii.r w'ide gl.iss Lube eontaining pieces of pota.ssiiim 
li}dio.\ide lor a layer of at least 10 cm. 'I’lie ]H)ta.ssium hidroxidc 
'lei oiiijioses the liydiogeu antimoiiide, and conscijueiil ly t he glass 

.. coated with a lu.strous metallic him, whereins the livdrogen 

■Us Male remains practically iiudecoinposed, and may, tlierefore, 
e.isily detected 111 the gas (free from antimony), which leaves the 
tube, by tin- lormatioii of spots or rings (Sec. 8'.), 12), or by its action 
"11'I solution of silver nitrati' (r)ragcndorll'). (i) The ga.s, ini.xed 
"ttli e.xee.ss of hydrogen, is pa.ssed tliroiigh a tube containing frag- 
immt.s ol jiiokstened with dilute lead acetate solution to remove 
i.'iliogen chloride and li)’drogen sulphide, and is then eondueted 
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in a slow current into a solution of silver nitrate. Tlie antimony 
contained in the is j[)rccipitatod almost completely as black 
silver antimonidc, AgaSb, whilst the arsenic causes reduction of 
the silver, is dissolved as arsiMiious acid, and may be detected in 
the solution as silver arsenite by the careful addition of aminoniii 
solution, or by means of liydrogen sulpliide after precipitation of tlu; 
excess of silver ion with hydrochloric acid. But since some antimony 
is invariably dissolved, t}i<‘ precipitate, produced in the solution by 
meavs of liydro^am sul[)liid(‘, must not be re^^arded as arsenic sulpliid.- 
without a conlirmalory test. This test may In; made as descriho*! 
in Sec. ‘.)2, 2. The antimony is most readily detected in the pri - 
cipitated silver antimonidc (which is often mixed with much silver) 
by boiling the preiapitabe. with water until arsenious acid and silver 
nitrate are completely nmiovi'd, and then lioating it to boiling poinl, 
with tartaric acid and watiu. Only the antimony tlien dissolve.s, 
and may ea.sily he detcctiMl liy moans of hydrogen snl])liide in the 
solution after aeidilu'atiou with hydrochloric acid (Lassaigne, A. W. 
Hofmann), (c) A .slowly evolved current of the gas is coiidiict'*<l 
through a mixture of 2 e c. of silver nitrate soluthm (I part of silver 
nitrate, 21 parts of watm’), 2 e c. of concentrated nitric acid, anil 
8 to lU c.c. of wat(‘r. WTnm the resulting Mack precipitate subsides 
in the liipiid the reaction may h<^ regarded as complete. An excess 
of hromiiic water is then introduced into the small flask contaiiiia;^ 
both li<]iii(l and prccipitati', or hydrochloric, acid is addinl, together 
with so much potassium chlorate that a large excess of chlorine h 
present, and the li<[ui<l tillered after some time. 'ITk* tiUratc 
treated with tart aric acid, ammoniumcliloride, and excess of aiuiiiciiia 
solution, the arsenic (now present as arsenate ion) prec.i]»itatcd as 
ammonium magni'.sium arsenate (Se(5. 00, 8), and filtered olT after 
standing for .souk* iinui, tie* tlltratc aciditied witli liydrocliloric lu id, 
and tlie antimony ion pn'cipitated with hy<lrog(‘n siil[)hidc 
(K. Ki'ichardt). (If tiie lu^uid, brought into contact with zinc and 
sulphuric acid in the mi'thods (f/), (/d- or (c), also contained tin nni, 
this will be separated in inetailic, form by t Ik; continuous action of the 
zinc. If, tlK'ridore, the zinc solut ion is lieeanted, the residue licaicd 
with liydroidiloric. acid, the solution hltereil and the tiltrate treute'! 
with mf*rcuric idiloride solution, the presence of tin ion is indicated 
by the formation of a precipitate of mercurous chloride). {(1) 
a solution containing trivalent (but not pentavalcnt) arsenic ion i3 
introducc<l into an ap[)aratus in whicdi hydrogen is evolved from 
alkaline solution (c.y. one containing potassium hydroxide sohmoi 
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and arsenic-free aluminium foil or wire), and the gas is conducted 
through silver nitrate solution, a blackening of the liquid is distinc¬ 
tive of arsenic, since hydrogen antimonide cannot be formed under 
these conditions, (c) When hydrogen arsenide or antimonide is 
Inought into contact with pure filter paper which ha.s been moistened 
with a solution of silver nitrate, the moistened jiarts of the paper 
are coloured. If, as directed by (Jutzeit, a .solution containing 
1 part of silvei nitiate in 1 part of water is used, hydrogiui arsenide 
produces a lemon-yellow .stain, which becomes black when a'drop 
of water is applied, whilst hydrogen antimonide produces a dark 
brownish-red to black stain at the edges of the place which has 
been moistened with silver nitrate solution. The inner portion 
either shows no coloration or, at most, a pale grey one'. Paper 
inoLstened with dilute (e g. 1 :-t) silver nitr.ite .solution is stained 
bill! k b^ bol li g.ise.s. I hese risictions fin using which it i.s necessary 
to bear in mind that hydrogen sulphiile anil ])iiospliide produce 
similar colorations) have, been used in various modifications and 
siilijeeled to dilferent criticisms; for example, Kitsert. recommends 
the use of an amnioniacal solution of silver nit rate. P.ipiu' moistened 
'vilh such a solution becomes dull brown to black on cont.ict with 
the slightest trace of hydrogen arsenide. The reaction is not 
.ilteeted by steam or acid vapours, or by the action of the paper, 
but. the presence ot hydrogen sulphide or phosphide intiu feres with 
It, as docs ahso hydrogen antimonide, which last also produces brown 
or black st.ains. A conqilete summary and critical examination of 
these methods has been made by Jf, Beckiirts,' to which reference 
may bl•madl'. ( /) On moistening pure filter paper with a drop of 
a saturated alcoholic, solution of mercuric cliloride, allowing the 
hi(Uid to evaporate, repeating t.his treatment four or live times, and 
loiiigmg the pa]ier thus prepared into contact with hydrogen 
aisenide, a pale yidlow stain, changing to orange on continuing the 
action of the ga.s, is obtained. Ifydrogen antimonide, when present 
111 minute cpiaiitity, has no effect, but in larger amounts produces 
■I blown to greyish-blaidc stain. If the stain has been diuived from 
both hydrogen coinpouiiils, it is possible, if not too much hydrogen 
•iiitiiiioiiide ha.s acted on the jiaper, to detect that produced by 
h>drogen ar.smiide by cutting the spot out of the paper and moisten- 
iii.g It on a clock-glass with a drop of 74 per cent, (by weight) alcohol. 
111! colour produced by hydrogen antimonide will di.sappear after 

' 1‘linrm. Xfnlmllmlte, 25, 197, 200, 223; <•/. aI.so Gottlielf, Ziitsdi. ami 
, 41, 25,s ; ,Striius.s, llml., 45, Blili; Kiikhy, Ibvd., 46, 477. 
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standing for some time, and allow the yellow coloration produced 
})y hydrogen arsenide to be recognised (Fliickiger, Lolmiaim '). {</) A 
combination of methods (c) and {/) is recomiuondod by It. Conrad- 
son {Zeifsrh. <fnal. Chem,, 39, Obf)). He uses hller paj)er, impregnaled 
with (1) lead acetate, (2) silver nitrate, (5) filter paper saturated 
with mercurie chloride, and (1) filter pa])er upon wliieh two dro[)s of 
nitric acid of sp. gr. 12 have been placed and two drops of potassiiini 
iodide solution introduced into the midille of tlie nitric acid stam 
Hydrtigen is evolved in the manner described in 8ec. bl), 12, testi d 
for juirity hy means of papers I and 2, and the substance under 
examination added. After the abscuu'e of hydrogen .sulphide has 
been provetl l^y moans of 3, tin; paper 2 is u.scd for te.stiug whetlici 
arsenic or antimony ions are present. If a positive naictioii m 
obtained, the tost papi'r 5 will ^ivc a lemon-yellow stain, gradually 
becoming yellowish-brown in the presence of arsenic. Anliniotiy 
gives a grey-brown stain without any yidlowish tone. If a stain <if 
this colour without yellow edges is obtained immediately, it may he 
considered a jiroof of the absence of arsimic ion. ll antimony ion 
has not been detected in tins last to.sl, a furtlier test is made with 
paper 4, which, in tlie jiresiuici' of aiilimony, becomes vellow to 
orange-red in colour. 

10. Finally', the attention of cliemists nlto are expert in ll.iinr 
tests may b(‘ diroetetl to the metlnxl of Ibinsen {Zrtl.wh. (uui/. ('hnn 
5, 378), which enables all three (dements to be identified in the 
precipitate of th»“ sulphides by means of flame reactions and bleu- 
pipe tests. 

11. Slanuous and slauuir muipou/id^; may be detecbMl in tin' 
pr(\sen(;e of eacli other by testing one portion of tlu^ .solution (ceii- 
taining botli substances) fur .stannous ion by means of nu'iMiiic 
chloride, auric chloride, or a mixture of j»ota.ssium fei’i nyanide and 
ferric (dilorule, and a second portion (whicli must contain veiy little 
free acid) for stannic ion by pouring it into a boiling solution <'1 
sodium sulphate. 

12. Trimlcht (iHiimomj ton may l>c dctisctcd in tin* present "f 
fcntaimlent autimoni/ by means of the reaction given in Sec. !d. 11 
PcMavidi-M (intimotDf may lie detected in the presence of f rnal'-nt 
antimony by treating the oxide, which must be free from otlirr 
substances, with hydroidiloric acid and potassium iodide ('Sc< - '*!> 

‘ ('J, Dowzard. ZnU^ch. unnl. Olwm.. 43, 415; t’erkiu and Goode, ’ 
60, 508. 
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■j :ind 3), or by trcatint; the solution with snlplinrio add, cooling it, 
adding a droi) of a .solution of diplienylaniino in concentrated 
,Mil|iliuric acid, wliciehy in tlie ]ire.sencc of antiinonato ion the liejuid 
.ivsuinc.H a <lcci) blue colour, '[’bis reaction, however, is only <lis- 
liiiclive of antimonate ion, when the ions of otlier .sub,stances which 
■Jive a similar coloration with diphenylaiiune, such as nitric acid, 
.liromic acid, etc., are not ]ire.sent. 

1.3. Arscuitc and arsenate ions may he distinguished from each 
I, (her in a solution by means of silver nitrate. If the precijdtate 
I ontains silver arsenate and luiich silver arsenite, the former can only 
|)|> detecleil by adding e.xtremely dilute nitiic acid drop by drop, 
ulieiehy the yellow silver ar.seiiite is di.ssoivcd hist. For the detec- 
limi of evim fairly small ijuantitics of arsenate ion in the presence 
ol arsenite ion, magnesia mixture (Sec. 90, h *) is also a suitable 
reagent Trivalenf ursimic ma,y also he detected in the pre.scnce of 
peiitavalent antimony by the fact that in a moderate solution it 
Ji\es a precipitate at once with hydrogen sulphide with the aid 
nl heat, which is not the, case with iientavalent arsenic, as also 
hy the fact that only trivahmt arsenic forms hydrogen arsenide, 
alien inirodiiced into a solution of sodium hydroxide aeting upon 
ahmiinium. It may also be easily deteeted by the redmtion effected 
111 an alkaline solution ol a cu|iric. .salt by triv.ilent arsenic, as well 
as hy (he fact that on boiling an ammoniacal .solution of a silvi r 
s.ilt 111 pi'csencc of arsenite ion metallic silver is pna ipitated. 

If the degree of .sulphonation id' the arsenic in a siilpbo .salt is 
to hc‘ delermined, the alkaline solution (from which any sulphur 
|iiesenUhas lii'en extracted by means of carbon bisulphide) is boiled 
tt'ilh bismuth hydroxide and filtereil from the bisniuth sulphide, 
anil tesls for arsenite and arsenate ion applied to the lihr.ile. Arsenic 
tiisitipliidc may bo distingiiislied from arsenii- pentasiilptiide b)' tirat 
inniplelely e.xtracting any siilpbur pri'sent by me,ms of carbon 
henlphide, dissolving the residue in aininonia solution, immediately 
adiling an excess of silver nitrate .solution, tilteriiig olf the .silver 
uil|i!iidc, and noting whether silver arsenite or arsenale is produced 
oil .idiliiig nil l ie acid to the liltrate. In the ca,s<‘ of these last te.st.s, 

' .'\( (■erditig to our experienoo the objoction.s which r.iit/, iiiul .Swinno 
(/to/s./e anohj, Vhem.j 64, 298) and Urunnieh .anil .Smitii {Itnil, 68, 292) have 
ti'oiiglii, against tliesc methods of detecting aiyenato luu in the (iruaeiico of 
ion aro only applicahio to cases wliere a |ircci|ntato is livst formed 
.itn 1 o veial iionrs, sineo arsenite ion under such conditions atso goes a very 
■ ivhialtmo preeuiitate. In .all cases m ordin.iry (|naliUitive analysis 
liic methods may be reg.ardod, as heretofore, as absolutely tinstwurthy. 
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however, it should be noted that some of the arsenic may be foiim] 
in the bismuth sulphide as well as in the silver sulphide (W^aitz). 

14. G(dd and 'plaf iynim ions may be separated from lin and antimox ,j 
ions (apart from the method of heating the sulphide in a current <if 
chlorine, as d(‘scril)ed in the H}'stcrnatic course, or in a (uirrent ul 
air after admixture with ammonium nitrate), by boiling the .solution 
with excess of sodium hydroxide solution and chloral h\drate 
The resulting precipitate (‘ontaii^s the whole of the gold and phituinin 
and is-free from the other metals. 

(lold and ]»latinum may also be precipitated by means of sodium 
hydroxide and a hydrazine salt, whilst arsenic, antimony, and tin 
ion remain in solution. The solution under I'xaminatnm (cimlainmg 
about 1 grin, of substance) is poured into a mixture ol 40 c.c. of 
20 per cent, sodium hydroxide solution and 20 c.c. of a cold satur.ib-d 
solution of liydrazine sulphate (or ,1 o e. of liydiazine chloride 
solution 1 : ;">), the liqui<l slowly heated to boiling point, dilntrtl 
with twice its volumcof \vat<‘i‘, cooled, and filtered (Knoevenagid and 
Elder, Ber., 35, SObb). 


Special Rkaction.s op tup Rakeu AFpmbeu.x op 'juk 
Sixth (tUoup. 

Sec. Db. 

1. Iridium, Ir, lOb l. 

Imliunii wliich i.s associated witli tlie incnibeis of the si\(li n! 

nioi'i' fre<picnt occnrreiK i'^—tlu' nobl(“ metals is tlinihiil, liiridi^il, ami 
iiLmralcnf. The componnd.s of the divalent ion are very unstalilc. 
ludhim has a slight tendein^y to form cations ; on the other liand. It cum- 
bines with chloiine to form complex anions, Irt’b",; and Irt'b',;. Iiidiniii 
oceins in combination witli piatiiuiiu and otb(*r imbals in ]ilalinuin ens, 
especially as osiuium-irnbnni. It lias of recent ycais been used in alley 
with platinum for ctuciIjIcs, etc. 

1. iridiuin is a metal resembling platinum, but is brittle ; it is cxticim b 
difficult to melt (melting point 2200'')^ and luus a specific gravity of 2- |- 
In the comjiaot form, or wlaai redmsMl by hydrogen at a led heat, il 
not soluble in any acid, vvvn luinn (Distiindion from gold and 

platinum.) When reduced l)y tlie \v<*1 method, however, as for example 
by means of formic acid, or when alloyed with platinum, it dissohes in 
aqua r&jia, in tlie form of ions of imlu; chloride (tetrachloride.), liC'b- b 
is oxidised, but not rendcretl soluble, by f\ision with potassium hydiogcu 

' With regard to its detectiou in tlio presence of other platimen iik CiIn 
see 8ec. 86. 
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Milpliate. {Distinction from rhodium.) Wlicii fust'd with sodium 
hydroxide in tiie presence of air, or witli sodium nitrate, it is oxidised. 
Tlic resulting sodium compound - a dtuivativo f)f iridium sesquioxide, 
Ir/jg-- is partly soluble in water. When heated with aqua mjia it dis- 
sulvcs, forming a hla(;Uish-red solution, which contains the ions of sodium 
iiulic chloride, Na._.li(’I<.. 

2. On treating a mixture of jK)wdered iiidium mid chloride, 

ii<'al(*d to incipient redness, with qa.si’oiis chlon)if\ .sodimn iridu: chloride 
!>< foiitied ; this dissolvi's in water to form a deep re(l<lisli-l>roun solution. 
(</) ]*oUu'<-siinn hydroxide aihled in (‘xcess to tins st)liition changes the ^-olour 
jo a grei'iiish shmli', while a little brownish-black i»>f(c<.sii(iiL iridic chUnide 
IS simultaneously |»reeipitated. (6) On lieating the solution and exposing 
il lor .some time to tlio air, it liecomes lirst naldisli, then \ iol«*t, and linallv 
hliic, o'.img to tlic ab.s<)iption of oxygen and foimation of imhe hi/drorule 
(Clans) (('haraetei'istu^ distinction from platinum ion.) (c) On <‘vapo- 
lating the solution to dryness and treating the rosidiu- with water, an 
tnsuliihh' blue di'posit of iridie oxide, liO.^, is h'ft, whilst tlie liquid is 
( oloiil less. 

:) On tr«‘ating with coneenfrated hydroehloric acid iridii; chloride, as 
ohI.iiiH'd li\ rej>eals‘dly eva]>orating ammoiimm iridie <-lil(nide. with <«f/(a 
nqvi, and tiiially wifli hydroehloric acid, a datk hrown Hohiliim is obtained. 
Sol II I mil v nj i) idle vhlondc behave as follows : — 

I. On ]i<-ating an iiulic chloride solution w'ith .•^ulplnin'' urtil until acid 
liiitH's escape, and treating thii residiu' witli lioiling water, a elear solution, 
uIimIi is usually gieen, but .sometimes bhu* or violet, will bo obtained, 
(a) It tins solution IS neutralised with po/us'-v/oa hydmrulr, and ixnliMl for 
liftcen to twenty minutes, finally after the addition of polassiuin liyilroxido 
ill cvei'ss, an oxide will bo preoipitatod ; tins is soliibh' m diliilo sulphurie 
aenl. forming a bright violet solution, (h) If annnonnini mltiile is intro* 
'lined m small jiortioiis alliM- fumes of sulphuric acul li,i\e eo.iscd to bo 
c\o[vn>, wIk'H tho indium salt has l>oi-ii hoatod with lliat acid, and with- 
'haun from the llame, there is piodiK-od a l»lu(‘ (.sometimes eiiu'iald-groen) 
I'liiss. which, if the opmation is stopped befon' all tlu^ ammonium nitrate 
has Imoii added, will dissolve in water to f'.um a blue solution. 'I’iie 
jac'-eiiec of cither jilatinum im lals nataiially iiitim-nei's the sonsili\<‘ness of 
the K'aetioj). 

h. On Imating iiuhc chloride dua-etly witli suc'cssive (pi.intities of 
<iiiiiic,,iii/„t iiiinffi' and ammonium cldo/idr, then' will bi* produced, not a 
hlu(‘, but a ])ink mass, from whieli a pink powder may lie scjiaiated by 
ti'‘atment with a veiy little water (Leeoq d<' lioisbaiidraii). 

b. Ilyihoqiii ■•^ulphide at* liist produces an olive-green coloiation in 
solutions of iridie. chloride, iridou.s ion, Ii"', being formed, whilst sulphur 
t'-iratcs ; subseqiHMitly brown iridoiifi .^uljihidc, is jmcipitated. 

■Uumoiiium. sulphide preeijjitatcs the same ioni])oim<l, which dis- 
^"UcH vi'udiiy in excess of the preeitiitant. 

On treating a solution of iridie c'l'oride witli ■■uxlium hydiocidp and 
^odiiiiii fiyporidortte oi’ kypobromilc, blur nuhc oxidi will be precipitated. 
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This is a very clmractoristic reaction (Mylius ainl Mazziicclielli, Znl.srh. 
anorg. ('hfm.y 89, 14. Viile .'nipm 2 {h) and {(')).'■ 

9. Potafr.num chloruh procipitat(‘s pofas'iinm iridh' rhloridv, K^ltCI,. 
as a crystalline blac^kish-red powder, which is insoluhl*' in a eoncenlraltd 
solution of potossiiun chloiidc. 

10. Ammintinui chloride j)recipitato.H (iinmoinuiii indie chloride from 
concentrated solutions in tlie form of a hla<'kish-i(Ml ])owdor, consisting of 
microscopic octahedra, insolnldc in conci'ntratiMl amnionium clilorhlc 
solution, fn the pix'scnce of jilaiinum ion tin' precipitate is red. 'I’lns 
may easily lause ta)nfusion with palladium, rhodium, Tutluanum, and 
osmium ions (Mylius and Ma/,ziicclielli, lor. cd.). 

11. Ammonium or potassium indie cliloi nle Ix'comcs ulive-'.^reen, esjiec i- 

ally in hot solution, on the addition of pohr'-'^inm. ndrile, while (immoiiiiiiu 
or/)o/rt.s'.sT«wt ire/o/evis foimod ; IdT',. i frtT",; ' Nt)^; for 

examjde, Kalrt 'Ig t KNO2—KjlH'I,; 1 Kt)o; on cooling the li«[ind the douhli- 
salt (*rys tain sen. When the green solution is henlnl or eraporfded inlh an 
e.rcefi,<t of ]>o((isdHm nilnie it, Ikcoiiu'S yidlow, and on tlimi boiling IIm' 
liquid irhile compoinid, very sparingly soluble m water and hyilroehloi!<• 
acid, is pn'cipitatixl. (b^sscntial dislmclhm and method of sepaialion 
from platinum ion. Oihbs.) 

12. On dis.solving (ini/nouiiifii uidic cldoride by boiling it with wat-i. 
and adding oxedir acid, irdiirlioii to ainniomnni, iridoiin rhJornle takes 

HO that the solution remains elear when cooled. (T)istineiiou from 
platinum ion. ('. I..ea.) 

13. On boiling a solution of iiidie eliloiide with -ddniioii-^ rhiond'', 
adding excess of 'fxilos.-^iuni hijdio.iide, and heating the liquid, a Iridlui- 
Coloured precipdair is ohlaiiuxl. 

14. Ferrouft f^ulphtdCy onilir and, sulphur dio.iide, hydrogen priocxh, 
and alkali - or hydroxylainincA do not pnM ipitati' iridium fiom a sohilioii 
of iridic eliloride. (Method of separating indniin ion from gold ion.) 

If). Zinc ])reeipitat('s Idark indium. 

lt>. Aeeording to Quennessen, wagiiestiim also piodiices a precipitatr 
(j)roI)al)ly an oxide), whieli lieiunnes hhu* at 190'’. It dissolves in sulpiniii*' 
acid and also in acetic acid to form solutions, the colour of wliieli vaias 
according to the tcmjx'ratuii'to wliich the precipitate wars lieatisl {hull. 

Hoc. (diim., (3), 33, S7.“) ; ('hem. Zentr., I90o, II., S.34). 

17. Arelylene does not pieeipitate iiidmm fiom solutions of its s-ilt"- 
(Distinction from jialladnim ion. Makowloi, Zeilsch. anal, ('hnii., 46, 11" ) 

1 fn the case of solutions of platinuni salts, the Ixtst nudliod of .ip]tlyiim 
the tcist IS to make (lie solution very dilute, to add sodium carbonate unto i* 
is slightly alkaline, to licai it to 100°, and, after cooling, to tniat it with a \' i\ 
little slightly alkaline soiluim hyjiohrnrniU^ solution If much jdatinuni e 
present, the liquid must h<‘ heated to cause the iridic oxide to separate. I 'U' 
dilute platinum ehlonde solution dm-s not give a jmHupitate, although the • 
pFr^eipitaU' invariably eontams jilatmum ; if tlir latter was present w’lih inniimi 
all otlier heavy metals, except gold, will hi* simultaneously [ireeipitated. 

2 Vanirio and .Semnai), ]ier., 32, 19t>8. 

* .Tannasch and Mayer, Ihul., 38, 2130. 
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18. If iriJtiim oxide is suspcMuh-d in a solution of poffisAum sulphite, 
till- liquid saturated with sulphvr dioxide, and then boiled until all free 
siiljiluir dioxide has been expelled, tlie evaporated water being uieanwhilo 
i. iicwed, the whole of tin* iridium oxidi‘ will be eonvertod into insoluble 
iiidiuni sul[)lnt(“ (w'hilst any platinum oxide pr4‘.seut will n mam m solution 

[Milassinm |>lutiiioau!pbite). ((J. Birnbaum.) 

lit When iguHed with .Wi«w carbonate, indium i-ompounds yield in 
llie upper oxidising flame a (U-posil of metal, which, when tiiturated, is 
-jic Mon-lus(itius, and not malleabh'. 

20. When a paitly dehydrated bora r bt ad is inoistemMl w ith a dilute 
iiidinm s4thitioii and again fiisisl to a. eliiar bi'.id, tin- la(t<i appears%j^/i/- 
hinini, but, in eontiadislnu tion to platinum, docs m>t ajipi'ar tvirbid by 
](llcclcil iighl. 

iM. Iiidinm compouinls show thi- iqmtooi leartion ’’ {ej. See. Ho, 14). 

Zl. With legai'd to 1h<‘. nnrmrlo inieal dilxlio/i of indnmi, se«* behreim 
l\lc\, Milioehemiscite Aiadfi'^e, 2nd <-d , p. IGo. 


bf. 

2. Germanium, (ie. TJ o. 

I. (o nnaiiinm. is dindinl and hharalnd. Ililheito it has only been 
fiiiind in small quantity in mgyiotliti* an<l eiixenite, and in ni«ibinm and 
tiiiilalum miiKuals (r <]. sainarskiti'. lergnsonit(', iin)bil«“, gadohnib*). it 
ictnhines with oxygen to form two <»\i<les, the monoxnh' {tjennanovs 
('or/<). tlctt, and the <lio\ide {(jDmanie onde), (Jet),. On ic'diicing ibs 
'otdc'. Ill a < unent of hydiogiMU it is obtained as a })owder, which ean be 
filed with liorax into a, gieyish-whit(‘ lustious inetallie hiitton. 4 ’ln.s 
lias a s[H‘cilie giavity of o I 0 ‘.b is easily fnalile, and doi'S not alter in the 
■ui It. melts at. about DOtb"'. Oermanmiu \olatilises at a blight rod heat, 
and Imhus a sublimate <-onsistmg of small ei'\stals. It. does not dissolvi; 
111 liyihocliloric acid, but is conv'ertisl b\ nitn<‘ oeid into white gcrnianic 
"\idc. and hy hot conc^uitlaled sulidiniie acid into a uhiti* sulphate, 
se|id)l<' 111 water, while sulphur dioxuh' is (wolvi'd. 'The metal is |•eadlly 
s<>[id)|c .IS (hloinh* m a<i>(a leifia. ('oncentrat<‘(l jiotassmm hydroxah* 
'''InlK.ii (Iocs not dissolve it. hut on fusion with potassium h^dioXide it 
\i'lds potassium gennaiiit(‘, (he l'(.•actlou being of an (‘\jiiosi\e ehavaeter. 
hi its geneial elKunieal beha\i<nn gc'inianium tonns a transition stage 
httwccii silicon and tin, which is also m aecoidanoe w ith its position in tlie 
|''■'HH{|c s_\stem. 

2 (brmanie onde is formed by the eomhnstion of the nndal in oxygen, 
i'\' th(‘ spontaiK'ons oxidation of gennaniinn sulphkh', by treatment of 
tile metal with nitne aeid, deconqiosition (jf the ehlonde by means of 
wall I, etc. It is a eompaet, white powder, dissolving with dillii ulty in 
'^^ter, and showing a oonsiderabli* tendeney to be eonviuted into the 
‘"llcidal condition. It ean be heated to bright rcslness without imd(“rgoing 
^ihtatiou. Its acpieous solution has an acid reaction, and theieforo 
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presumably contains anions with tlie formula (JcO^a- Germanic oxide 
dissolves readth/ in alkali hydroxide solutions; it also dissolves, though 
with difficulty, in acids, cations Go*"’ being formed. When fused with 
alkali hydroxides and carbonates, it is converted into water-soluble 
compounds. 

3. Oervumic chloride, Ge(d 4 , is obtained by heating the metal or its 
sulphide in a current of chlorine. It is a thin colourless liquid, which 
boils at 86”^, and is volatile oven at the ordinary temperature j it is dccoin- 
po.He<l by water with th(‘ formation of oxide, which is jiartly j)rccipitatc(l. 
On aj’idifying an a(pieous solution of the chloride with bydrochlori(! acid 
and evaporating the liquid to drvnes.s, the chloriite is completely volatihsi'd 
(C. Winkler). 

4. l{ydrogtn sulphidv. i>rodnc<‘s a voluminous white preci]jitato of 
germanic sitlphidc, (leS^, in acid solutions of the salts of tctravalcnt go- 
manium ; llic prc<'i])italion is only <'om])lctc m the presemu' of a con¬ 
siderable excess of a strong acid, ({ennanie sulphide is somewhat, soluble 
in water, and in hydrogi'ii sulphide wat<‘r, so that it cannot be washed with 
the latter. Hence, to olilain it in piiri^ condition, it must be washed lirsl 
with hydrochloric acid or sulphurie acid saturated with liy<hogen suljiliide, 
then with alcohol saturaUal witli hydrogen sulpliide, and linally with ether. 
When dried it is .a soft white powihu'. On heating it in a current of carbon 
dioxide, a characteristic (xlonr recalling that of aciolciii is produced, while 
the sulphide bcconu'S yellow' or greyish-yellow and diminishes in quantity. 
When heated to bright redness it volatilises, (hrmaiiic sulphide is rimhlti 
soluble in ammniium svlphidc sohdiou, forming salts of a very stable 
sulpho ai'id. On adding a sufficient exerss of and, it is precipitated (un¬ 
changed) from this solution as a u'hitr prccqnfaU., (Tliis is a eharactciisiK* 
reaction.) When it sejiaratcs in admixture with sulphur it may easily he 
(listingiilsh('<l from the latter by tin* fact tliat it dissolves on washing the 
pre<-ipitate witli water. It may bo separated from suljiliur by treatment 
w'itli ammonia solution, whereby only the gcrniaiiic sulphide is dpssohid. 
On then acidifying this solution, it si'parates as a charactcrisUc voluminous 
precipitate. If arsenic sulphide or antimony sulphide is also present, 
cither of these may tirst be prccqiitated fiom the ainmoiiiacal solution by 
adding acid drop by drop. The lupiid is then tiltered, and white germamc 
sulphide precipitated by adding an excess of acid to the filtrate.^ (Jenmuiie 
sulphide IS also readily solid)b‘ in potassium liydroxide or ammonia solution. 
It is (lissolvi'd by aqua regia, with the separation of sulphur. Kitrie ueid 
converts it into a mixtun* of an oxide (containing suljihuric acid and suli'lnn- 
When germanic sulpliidic is heaUxl in a current of hydrogen, browiiisli-ied 

* For the separation of g(?rnmnium from antimony and tin, the sulpludo 
precipitate may bo treated with aiumonuini carbonate solution, which dissolyca 
only the germanic snlphidc. It may bo scparat(‘d from arsenic sulphide, whie i 
dissolves with the germanic snljihide, by distilling the livdroohloric acitl sohilion 
in a current of ehlorino or after llio addition of potassium chlorate or perin'in- 
ganato (Buchanan, (^hcm. Ziidr., 1018, f., 73). For tlio complete separation 
of arsenic the distillation temperature mu.st be raised to over 108“ (up to II' ) 
(F. E. Browning and S. E. Scott, C'hon. Zt idr., 1018, I., 048). 
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jf(’rinanous sulphido, (tc8, is formed, while hydrogen sulpliide is liberated. 
On eontimiing the heating the gennaiioiis Kuljihide is paitly rcMhiccd to 
^('I'lnanium. 

5. Ziiic. slowly pieeii)itak^8 the metal from sohiiioiis of germanium salts 
m the form of a dark brown jiasty deposit. 

h When heated on charcoal m the K'ducing tlamr; of the hhm'pipc 
witiiout the addition of alkali, gi'imanium oxide yields a metallic button, 
w itli lh(‘ sinnillaneons foi mation of a ulnle depusil of oxide. 

7. JUtntx and alkali ■p}wsi}hatc dissolve ga imanium eumjiounds icadily 
botli m tla^ oxidising and reducing tlamc, to loim beads which aic colourh'ss, 
both while liot and cold, and aro not changed when lieated with tin. ’ 

S. Xon-lumiiifia-'^ jlamt s are not colonusl by germanium c<nn}>onnds. 

Small rjuaiititH's of gcrmaimnii m argyritii may easily he detected 
b) beating the mineral in an atnios])here ot hydrogen sulphide or of coal 
g:is. In this way a sublimate resembling antimony sulphide is ohtameil; 
tins .'<hows very eharacU'rLslie foinis uiidc'r Iht: nncroscojx', and may be 
Mil)jccted to fmtiKT tests by tlic w<‘t metliod (Ilausliofer '). 


iSjiC. DO. 

3. Selenium, Sc, 7i) 2. 

I. Sdcniinii is diraJint^ l< Iraralnif, and hr rartih iif. It is of lati' ooiir- 
rciicc III naiiiic in the form of metallic schmidcs, hut is frcipicntly ]»rc.sent 
in small «£iiantitics m imiiicrous pyiitcs, ami is, thcrclon', also found m 
.sul])liiinc and liydrocJiloile a< i<ls. In mcoidance witli its })osition in tlio 
pciiodic sNstmn, .selenium closely icscmhlcs sulphur on the one hand and 
tclliiiium on tii(^ other iii its elieinicai hcliaviour. lOlcimiitaiy .s< h'iiium 
exists m .siwcral modifiealions, tlic' spisalic graxity ot which inngi's from 
I 27 to IxS. It melts At 277 ’. Selenium ’.imh lias hcen fu.sisl is greyish- 
black, \ulatilc at liigiK'r Icnipcratures, and sublimable; wlam lieated in 
the air it hums, emitting a rhararlnisfir odoia KcaUifiij that of iltroinposintj 
ni'li.dits, and forming selenium dioxide {seleiiious aiihydiide), SeOj. The 
vilieous modijieation, a-seleniuin, dissolves uitii dilheulty, hut completely, 
111 Cell bon hisulpliide ; the red moditieal am,/hselennim, is si ill less soluble, 
iiiid iiirtalhe oi y-seleiiium is liaidly, it at all, soluble m (bat iiicdium. On 
(■entaet with mercury the sulutioii yields black meri-uiii- .siicnule, lfg8e. 
^ "Id ((meeiitrati'd sulpluirie ai-itl dissohes selenium, without oxidising it, 
t" form a dark green liipiid (a sensitive leactioii), from wlia li on dilution 
the seleiimm sepaiate.s in red flakes. When lioiled with <on<-cntiated 
'"iilliliurie a<id. H(‘lenium is oxulised and dissolvi-s as selenious acid; it is 
'iho diHsolvial as .selenious acid by nitric luad and by aq/ta. iupa. When 
lieated 111 a current of hydrogen, selenium forms gaseou.s liydiogeii selenidc, 
which re.somhlos hyilrogen suljiliide in its i(‘actions. 

- >'^<'lnnKm dioxide, SoOo, is a solid hygro.scopic subslanei', winch is 
eiiii\ciir(i about 200"’ C. into a dark ycIlow' gas, and yields a white 

‘ ‘Silzuntjhf r. Muneh. Akad., 1887, 133 ; Chan. Zcnlr., 1888, 807. 
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Bublimate of white quaclrilatcial ncwllos. Selemons acid, H’o.SeOj, foniis 
crystals rcs<’inbling nitre. Both of these compounds dissolve in Maiit, 
forming strongly acid liquids, 

3. Of the iKMitral svd/.v (inly Uiose of the alkalis arc soluble in wah) 
the solutmns have an alkaline leaetioii. Most of the scdcmtes arc roadilv 
solubl(‘ in nitric aeid, Imt tlu' h'ad and silvi'i sails dissolve with di(lu iili\ 
Tlic hydrogen seleiiilc's (bisclenib's) au‘ soluble in water. 

4. fii/drinjiit siiljdnitc. {in the ])res('nee of iiydroehloim acid) prodiui,-, 
in a solution of selenious acid or its salts a jiKs ipilalc {/i<lltnr in the coM, 
and rrddisfi-i/rlfow on heating), consisting of a mixture of finely cIukKiI 
selenium and sul})hur, winch is solnOr m iniinioinnni snlphidc. 

5. lianutu chloride jiioduccs (after neutralisalion of any free aca! 
present) a whiti' jirceijutate of banirni .s(//io/r, which is soluble m hvho- 
chloric or nitiic acid. 

6. ItcduriiKj aijriil.s < readily elTcct a se|iaration of Ainoidiui/ IriiiKut. 

For example, ^--^iilphur donuh piecipilates fiom acid solutions, nuhaing 
those in suijilimie acid (distinction fiom ti'llunum), a jli>criif<-iil ml i>ii- 
cijdfolc of selenium. In lilo- niaiiiuM h>/dKfjtic .sidjihoh pi'c( ipitiih . 
selenium, but not (elliiriiim, fiom a fartaiic aeul solution (Fellim, Znhd'. 
anuL Chon., 50, .V2I). Slianoin.s ildontlc produces a pieeijiitate ol dir 
same character both in hydrochloric and sulphuric acid solutions. Avihjh m 
is also a very suitable reagi'iit, since it rapidly preeijiitides May sin.ili 
quantities of selenium froni tlu* .solutions of both felras.ihnt and Ihm 
valent selenium (winch latti*r, for e.xample, aic only slowl\ i(‘diu(d fu 
sulphur dioxide) (Joiive, Chw. Zodr., liMH. 1., 13S‘)). l-\ / imts .\id jd'th 

Jirecipitates selenium ra])idly and conqihdely liom stiongly {h\dioc]iliiiii) 
acid solutions. (Distmctiou fiom tcllurmni.) (Keller, ('hon. Zmh . 
1897, If., 1092 ~.) Mdolhr coppo-. when mtjoduced iulo a hot IimIm'- 
chloric acid solution containing siiciiioiis acid, is immediately coaled widi 
a black (h'posit. If llu' liipud is allowed to stand lor some lime o\cr tlic 
cop])er, it becomes liglit rc'd. i»wing to the si'iiaialion of selenium (ycitr.< li) 
Selenious acid tlnis beha\(.s towaids leduemg agents in a mannci \'i\ 
similar to that of sulplmioiis acid, but is oxidised wilh mueh moie ddlii iill\ 
Cf- 9). 

7. M<fif)i(-dn nihdiuf gives with st'lciiious acid, usually aflci -cti:' 
time, a crystalline colouiless }>recipilat(' of mugiu'sium st'lciutc, uludi 
is insoluble in acids (lldger, v. Cleiielden). 

8. Coddne and .suljdiniic and gi\c a gieeii eoloiation with sckiuou^ 
aeid. 'I'his is a sensitive naclion, suitalde for the detection of M'lall 
am(.>unts of sclcnimn in suliilninc acid (1‘hnsl Sclimidt, ('hon. Zndr., 1911. 
11.,8<J4). 

Ai(h mum frioxidr (selcnie anliydruh*), ScO^, is formed on jicalm,;^ 

* With regard to the diflcrcnli.ition of hydrogen selemdc and liylici:'" 
arsenide lihcmted frijui an acid solution by means of zuic, sec ]). 3t7, foodt' i' '• 

'■* Sec also Abycr <iiid .bimick {ZciCdi. anal. Chnri.. 52, 531), who add f’l" 
sodium iiydiosulplutc. to the. slightly acid solution. Tla v' a]^‘> 

iirm the .statement of .Scliul/ that petroleum gives a biowu coloration with • 
pLuric acid containmg selenium. 
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IcuioiJs acid witli chlorine or bromine, or by heating »elciiium compounds 
\m(Ii (ilkuH cfirl>()u<ile-'> and nitraU’S. 'I’lie fused mass is dissolved in water, 
tlir solution is acidified w'itli iiydroc]ilori(! acid (remaining <-lear), and is 
ilirii lnnied, \vlier(“by chlorine is evolved, and the seicnic acid converted 
iii(c) seleiiious acid. 

1(1 Srlrmr <i(ul, or rather, its ion, gi\cs with banuni chloride a white 
|ttci i[ii(ate ol bariiun sclenatc, wliieh dissolves witli ilillicuhy in acids. 

11. snlphtdr d()(‘s not piodiicc a picci]iitat(' in .solutions of 
l»’!iic acid. .\tt('r hoiliiig tiu' lu|uul with livdiochhuic acul, the ivsultuig 

M‘lriiious acid IS, of course, jnecipitatcd by hydiogen sultihidc. 

12. A ■'-iiliihtmr acid ^'^ohifian of-mdiijo is dccalariscd by scIcnic acul 

i:! W'licn sclciiiuni or scleimnu e<iinf)oiinds are fuseil with pohhs.sium 
ciintihlc ill a etofetd oj hyilioijt n, si1<iniiiii i>a{a-'<siuiu cijanidi is formed; 
.srlciiiiiiii IS > 11)1 si'parated from tins sail by the uctiDii ofait (as in the cust^ 
(]| trliiM iiiin), hut IS ])rcci})ita(i'd on boiling (he .solution for some tiim' after 
tlic addition ot hydrorhloi mad. 

It. ^Vh(Sl examined liy Ihinscii's mctliod (p. 8S), .Kolcnium compoiimls 
iiii]>;n ( a hi it//d him coloiatian la lliv flainr, w hilst on volalilisat ion and com- 
hii'litai ol the \a|>oiii the aliovc im'iilioned icpulsue odom ot si lcnmm 
will he piodiiccd 'I’Ih' iciluction jiroduct is hi icK-ictl to clu'itv-u’d, and 
\dicii t lea led with conceal i atial sulplim ic acid gi\ i-s a dirty gM-cn solution. 
The oxwlr dcjiosit IS w lull', and when touclicd \\ itJi a rod dip])C(l in stannous 
<lil<.inde sohitiuii becomes red, owing to the separation of .selenium. 

I.“. Sodium selcnidi' is formed on cliareoal slicks, and (liis, wlicn 
lll"l^(cncd on siK'cr, yields black stlnr -sdciiidc, ami on tieatment witli 
a< id |]iodiH‘es livdrogi'ii s('l(‘Hi<lo. 

Ih When heated with sulphur ■laduh oil a block ol g\jisiim in the 
"Xidation flame of th(‘ blow [upe, seh'nmm dioxide 3 i(‘lds a KMidi.sInbiow n 
<1' (W’lieider and Liidi'kmg. ('/. also footnote on p. 3S‘J). 

17 W’lt h regal <1 to t lie min or la mtcal di h chon of .selenium, see llaushofer, 
MiLo>^k<ijn.'^rlii‘ JlcaUiam n, p. I 10 ; Bclireiis-KIey, MiliacImnific/iL 
.be/b/sf, :jnl ,.(] , |,. jfjO . jp.yii iiaucr, Ziihcfi. anal, ('hem., 50, 506 ; 
nniigbs, ('linn. Z< ntr.y 1016, J., dST. 


>Sk('. 00. 

4. Tellurium, Tc, IJT'T. 

1. Tillnnnni is di'ralcnh I'harah'id, and lic.raralnd. It oeems in the 
' I' lnentarv eomlitioii, alloved with other melals, and, m small qiiantiU' and 
net Widely distnbuli'd, as li'lliiriiini <lioxid(x O’lu* speeilu^ gravity of tlio 
dilh-n-nt modiiieations of (‘h'lmaitaiy tellurium ranges from 5 to 6'25. 

I '•Hill mm is a bi iltli*, w lute metal, which is easil.v fusible (al)out 150 ), 
and enn be sublimed in a glas.s tube. Wlien heated in the air it luinis 
^\illi a gr('eni.s]i.bliio tiame, emitting a thuk while smoke ot ilioxide. 
bliiinuin is insoluble in Itj'dioehloru- acid, but dis.solves leadily m nitric: 
(o loiJii tellurium dioxide or luliatcx i‘owd<-H‘d telliiriuni chs-solves 
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in concentrat'cd 8ulpliurj(^ acid to form a purple solution, from whicli, on 
dilution with water, the t(‘llin'ium ia re-precipitated. On heating (lie con. 
centrated solution it is decolorised, and nmst of the telliirium sulplnpc 
formed is precipitated. 

2. Tellurium dioxide, Te ()2 (telluroua anliydride), is white, melts io.^ 
yellow liquid when healed to ineipieiit redness, and volatilises when stron^lv 
ignited in tlie jireseuee of air, hut does not form a crystalline .subh]na((' 
It dissolves readily in hydrochloiie aeid, hut less X'adily in nitrie aeid 
dilute .suljiliune aiad, is easily soluble in potassium liydroxide solulion, 
more slowly in ammonia solution, and is praelieally insoluble in watei 

3. Tellurous aeid, lf/rc 03 , is white, ajipredably soluble in cold water, 
and readily soluhle in hyihoelilorie and nitne adds. Lt is re-precipilat(d 
from its solutions in acids on llio additi<*n of water. Practically the whole 
of tlio tellurium si-jiarales alter some time as eiystalliiu' dioxide froin l!ie 
nitric aeid solution. 

4. AJkah and ('mbonulc!^ jiieeipilate Icl/iuoiifi add. as a while 

precipitate, soluble m excess of the ju'ceipitant, from liydro(;hIori<‘ acid 
Rohitions of Udlurium. 

Ci. Hydrofjcn sulphide produces in acid solutions a red prcdpiUip of 
tellurium sulphide, TeS«, which rapidly imns btoioi (the {‘olour reseiiiblui'; 
that of stannous .sulphide), and when heated becomes black. This [lo 
cipitato readily decomposes into teJIuiiuin and snljilmr, so (hat ]los^lll|\ 
it may invariably bo only a nuxUne of these two subsiaiiees. It 
very readily in ammonium f-nlphidi- .'solution. 

6. Ibdurimj ayrnfsA such as ridoridr or -ine, ])iecijiil,i1i' 

blaek mifidlif PUinuim from acid solutions. Sidphii) dio.tide aiul snilnnu. 
su/phite only precipitate it in tiie ]»i4'scni-e of }i_\<lrochlorie acid. If, how¬ 
ever, tlie liydroeltlorui acid is eoncenlralcd. tellurium is not iincqiifaled 
by sul))hiir dioxide. (Distinction from selenium.) 

7. On heating a sointum of lidluious acul m exei'ss of potassium oi 
fiodium hydroxide, solution witli dextrose, telluiium is also iuecipitalnl 
in metallic form (Stolba). 

8. Fcnous sulphulf doi'S iml precipitate telluiimn. (l.)istincli</n fimii 
selenium.) 

9. Tellurous aeid gives a ivhiU' pnnpUaff with mayncsia mi.ilim . Tl"^ 
precipitate is not crystalline. (Dislinction fioni seienious aeid.) (Ililiai- 
V. Gcriohten.) 

10. Jhsodrum hi/droyoi pho.sphafc gives a (fhiU punpilali y as docs .ih'* 
barium chloride. 

11. Tidlurinm Inoiidr (tiKuric aiiliytlride), TeOj, is formed by fu^inii 
tellurium or eom]»omids of letravaleni lelluimni witli alkali nitrates .m'l 
carbonati's. The, fused mass is soluble in waUu*, and t lie solution n inmie 
clear when acidilled w'itli hydrocldoru- aeid in the cold, but irhev boilol it 

^ Hydrazine svlpluite. does not jirceipitatc telluriuni from a slightly 
solution containing e.xccsa of ammonium tartrate (distinction from selcmimh. 
whiJ.st hydrazhic chloride preeqntates tellurium as well as Hclcniiim (I'l Hi"'’ 
Zei(s<h (innl. Chrm., 50, 52]). 
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, tolluroiis ackl kcijig fo?]no<l, and it fiien yii'lds a pro- 

oipitaU' on Ih' addifion of tvniEr, (>i'ovidfd tliat tlio f.scosH of aeid is not 
too 'neat- On oxidisin" to]linitx?s witlj hvdro^on peroxide, and nddin^t 
of)neentrat<‘<l nitric acid, a pn'cipifate of Iclliinc arid, or its h\<lt'ates, is 
nlitairicd. 'IVIhiric acid is only a lolatn'cly weak acid, and sliows a corro- 
«|)ondmcly sliplit rescinhlanci* to siilpliiiric acid and scleni<‘ acid. 

Only ll'*‘ ofkdli tdlinatcs aic solnklc in water. 

12. lli/diixit'n sidphvlr ]>rodnccs in hot soinhons of h*xandi nt Icllnrinm 
,1 precipitateof flic same eoinposition as m solutions of tctravalent ti'llnrinm. 

Vc fontx'd 'in the rohl. (Mi-ans of s<-jiatatinu tclliiiinin front 

heavv jnetal ions. Itrannor and Kw/ann, H<r., Kt, ) * 

i:k Wlien t<Hininin. fellurinm siilplii<lc. or an o\\L'<‘n eoniponnd (*f 
li'lliiiinni is fused \\ it It po/aW/o/t e//a//a/e in a r/mi n! o! hiiilrofji n, poUtK-dinii 
lilhiiiih' IS formed, 'i’lio fused mas.s i.s solnUle in uatci. Imi the whole 
ut the tellurium is ]>reeipitaled from the solution hy means of a einrent. of 
air. (Dislim lioii and means of separation from selenium.) 

11. If (inelv-l>o\'dercd tellurium or a lellniinm ore. r.i/ yold telhiride, 

H treat<‘il with a litlh' water in a ])oreclaiM hasm. a litth' nictallii- oairai// 
introduecd, ami ■‘<odiinn o//a^/</o/a ad<l<‘d to the lattm-, the watei will mime- 
fliatele assume a tine \ iolct colour, owlu" to the solution of sodium li lluvide 
((I Kusl(‘l). 

ir». \Vli<-n examined hy Bunsim’s drv method fp. K8 </ ti-llurinm 

(()ni])»»mids produce a j^ale blue coloration in the ujipet lediietion aieu of 
till' liame. w liil<‘ the oxidation area above a])pears (jm n. 'I'lie volatilisation 
IS not ae<‘ompanird bv any odoinx The rc'dmdion (le])Osit' is l»l:n k. r'xtend- 
111 ^ into a bliickisli-hiown (ilm ; when healed with eoiieentialed sulphiirie 
nenk it Luvi'.s a eai'mim* risl solution. Tin* oxidation <le])osit is whil<‘, and 
perceptible; wlimi treated with stannous cbloiide. it Irecomes 
hiiu k lludiich tbc s(‘])aration of l<‘llui‘ium. 

10. When In-ated with sodium earhonafe* on rhairoa/ |(']lurium 

ccnipoiinds \icld sodinm lelhi/Kff, wliir'h. wlien imnslcncd on laiuht-silver, 
limdiiccs a I'fnrk sfntn ; and, if nimdi tellurium is iu(‘sent. emits IIh' odour 
ol hydi'occn tcllnridr' wlier\ treatcrl wnfli hydro<liloiic acid, while l(“llui‘ium 
IS scpaiatcil. 

17. With lecaol to the nio'iochriiitnif sec llaiisliof.-r. .]f ik'io- 

Ifiiikluiih II. p. 121 ; Hehrcns-Klcy, Mmm fn AnnhiEc. 

■ h'd < (1 , p ir» I ; U<'vn amf Vunicr. r/se/o (niid. < 'h< oi.. 50. oOtl, 1 )i mpes. 
'/ji'i/h.. IPIO, 1 , -IS7. 

l''or the .^1 i>/i/i/tion of Ach yiiinii fi'ion Irtlitrifini, the soliilu'ii (d tellui'ons 
and tjehsnons acids ii\ conemdrated snlphmnc acid is henli d hu sonu' lmi(‘ 
"itil foil,' it« volume of a moclerlllely strniiK n(|iicous solution of 

(lioxi<l(‘, (he pieelpital.'d Heletlllim filtet'<'(l oil. and tile liltiale 
li'-lleil with hvdniehlolic aeiil, with (he addition of more siil|ihllloua aeld. 
h) preeiinlate the telhlHum (l)ivi'is and Sehinio;ie)- <h I he selenium is 
|iieei|ii(,i(ed finm .asnlntion in s/hih;/ h\dioehloii( acid h\ means nf snl|ihnr 
'l"''ide. (he lllliale dihiled nilli naler. iind Ihe telhninni ineeiinlated m 

■j.r> 



386 BEHAVKWIi OF SUB^TANCEE TO REAGENTS rn ti 


the aamo way (Kollcr, Chvm. Zanlr., 1900, II., 143). The two elements 
may also lx; sc}»araU5d by means of ferrous sulphate. Cf. also footnote 1 
on p. 384, and S('e. 95, 6. 

Ill addition to this, a metliod of sepaiating selenium from tellurium may 
be based upon the bcliaviour of an mpii'ous solution of tlic jiroduct of 
fusion with iiotassium cyanide wlien a eunent of air is j)ass(Ml lliioiigli i( ; 
tolluriurn is precipitated, wJtile .seh-nium ri’inains in solution. 

Se(^ 97. 

5. Molybdenum, Mo, 96'0. 

Mojijhdcnnm is divdh'ul, Irimlenf, (flmvalcnt, jxnldrdU'ul, and hixtt- 
I'alcnt. It is of fairly rare occurrence, and only in mo<lerat(‘ quanlilicM, 
principally as sulphide (molybdenum glance) and lead molybdate (yellow 
lead ore). 

1. Molybdenum is white (like tin), hard, and oxidisable ivlnm heated 
in tlie air. It is readily soluble in mlric a< i(l and Uf/aa regia, and also m 
concentrats'd sulpinirie acid. It is exceedingly difficult to melt (at about 
2250“^). Its sjieciiic gravity is U'l. 

2. Molijhdanoufi oxi/h’, MoO, and the .^tesqaioxide, Mo^jO^, are black, 

whilst the dioxale, is dark brown or ilark violcf . All these oxides ' 

when heated in tlie air or freafed with nitric* acid are conveated into Ihr 
/noriV/c, nutlqhdir anhi/flrulr, iMoO^. 'I’his is a porous, wlule ina.ss (becoming 
yellow when hcati'd). wlncli can lx* di^tribiitc'd as liiu' scaJe.s m water, and 
is then dissolved to a slight, c'xtent. It melts at a red heat, volatilises at 
a very high lomperatuii* m closisl vessels, but (‘ven at a red lieat in the aii, 
and sublimes in transparent h'aves and nci'dies. When ignited in a euneitl 
of hydrogen, it y iolds Jiist the oxide and linally, after long and continnouH 
ignition, the metal. Non-ignilid molybdenum tiioxide is soluble in aeid-^, 
and in solutions of (he hydvoxide.s or <*arbonales of the alkali metals, with 
the formation of salts ; after ignition it can be rendered soluble* b^ fusion 
with alkali carbonate; it is also leadily soluble in ammonia and alkali 
hydroxide solutions. When lu'ated to redix'ss in carbon tcdraehloride or 
in a mixture of eblorine and carbon monoxide, molybdenum tiioxide \ ields 
chlorides which can be sublimed (Quaiitin). 

3. Mahjhdir arid, r.s white; it dissolvi's with dillieulty m 

water, and is precipitated from solutions of its salts by tlx* careful 
addition of water ; it is soluble in exei'ss of acid. A ytUow inodineatioii. 
H 2 Mo 04 ,H 2 fb separates under eei tain conditions from nitric acid solutions 
of ammonium molybdate on standing. 

4. Solutions containing tlx* ions of hexavalent molybdemim 

* Acid solutions which contain molybdemim ion with valency correspond mg 
to these oxides give precipitab's with alkali hydroxides, carbonates, and jtlios- 
phates, and also with ferro- and ferricyaiiidea. Tlio precipitates produced by 
carbonates aro partly soluble m exees.4 of the precipitant. Hydrogen sulphide 
and ammonium suljdudo havo tho same action as in tho case of hexavalent 
molybdenum. 
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folourlesa; a hydi'oc)»Iori(; acid solntion bcconn's » ()lo\n' 0 <!. spocdily on 
contart with and itnincdiatcly wlion ti‘oat<-<l ^^i{h chli»uU\ 

nuiM'- to n'llnction. the o<doration tx-ing Muo, jiiocn, or l)rottii, accoidinj' 
lo tiu' ux ipiocal jtroportion.s and concontratioii of tii<‘ siibstancrs. WJicn 
(li'fistod aitli ('opjxr a snljihunc at-id .solution bccoitirs blue, and a hydro- 
(■Idoiic acid solution brown. 't'h(“ miotion often only takes place after 
Moine lime. A solution of /i/wv/v s/tipf/air, ncidilied uitli sulphuiic acid, 
pMidiK'es permanent l)lue e4tloration in arid .solutions. On ad<lin^ .soili/im 
fiiljiophosphili’ and sulphur thnxidc to an a« id sobitio7i of molybdi<‘ aeid, a 
blue preeipilate or only a blue coloration of tli(‘ li(|uid is ])iodueed, Aceord* 
iuif to the amount of molybdenum pjcsenf. Mij'bt beat accelerates the 
.T])]>farance of the r«‘action (Millanl). ]\lan_\ other K'dueine np:ents bring 
about reactions analogous to I1 k).s(‘ ju.st d(‘scnlM'<l.‘ 

5. If a litth' con<-entiate(l .sul])lnnie acid is dro])j)ed on to a ]»ieee of 
in<]enter| ])lalimim foil, or if a few djops of Milpburie acid are placed in a 
poreelaiii dish, and a small rpuiiitity of pouih red molybdie trioxide or a 
niolybdale j.s acbhal, th<' mi\tun‘ heated until cc*i»ious fumes ajipear, aiid 
then cooled and treatc'd with a little alrohol (or iep('alc<lly hrnilhcil uptyn), 
the sulplmibr acid will assume an iufciisc hlur ('olordtiou (v. KoIkOI, S<‘hbn, 
Masclike). In the luesenee ot antimony iMnlo\i(h‘ nml a large amount 
of stannic oxide, tin* mixture must be evapoiated to dryness w ilb jtjiosjijiorie 
ncid before beating it with snl})}miic aeid (Mascldo')- If vanadie uei<l is 
ju'c.scnt, a green coloration is produced ('I’niebot, ('f/rtu. /Coilr., 1905, 

I . .57^). 

(>. 1\>l<issium fnron/auuh produc'cs n xil-hnni'ii prrcvinfiilv in .solutions 
aridith'd with bydroeblorie acid. 

7. Exhiii't of (jail ivils, and also launiii, give.s a derp red rohmliov^ 
shading into hnnni, with solutions <»f alkali molyl)dales. If bydroeblorie 
arn! IS a(lde<!, a luown pieeipitate or eolorntioii i.s produced. 

S. 'riie a<ldition of a little hi/d/<><int suljdtidc gives a Uur rohration 
with a*"#!! solutions, whilst a hu’gei’ amount ju'odnees a biownish-blac'k 
preei[)itate. Tlie sn^K'iiuilant liquid ovi-r tin* pre<ipjlate aj)]>ears green 
at iirst. Aftei' tin* liquid lias stood for a time, and is then lieated and 
repeatedly treated with liyiliogC’U sulphide, the whole of llic molybdenum 
i.s )HC(i pi fated, although with some ditriculty, as hrovmshddarh his/dphidr, 
AfoS^ (.'ompleto proc-ipitation is cfloc'ted by .'saturating the sobilu'n with 
liulrngeii suljihidc, and (lien heating it in a closed ])ressm(*-flask. Tht 
I'liriptfa/r IS soluhlf in (dk<dt sulplndr solutions. Acids pM‘ci[tilate molyb- 
'lenmn suljdudc from the resulting snlpho salt solutions, tin* ]ireei])itation 
heing promoted by beat. SoJufio7is of (dk<di jiiolpluhiUs give a yellow 
eoloiation with hydrogen sulphide, and tlien, on tlie aildition of acids, a 
l‘iou'iiishdd(irk preci]})f<tle. On trx'ating a solution of mol 3 'bdic aciil in 
excess of ammonia solution with yellow oiumouium sulphide solution (con¬ 
taining polyanlphides), and hoiling the liquid for some time, there is pro¬ 
duced, in addition to a hroiniish-hlack prec'tpifedc, an i/dinsf dark red 

^ ('f. for example Kafka, Zeitsich. aiud, ('hnn., 51, iS2. and l*ozzi l'..HCot, 
eVicm. Zenir., 1<>13, II., 85 ; 1914, L, 70. 
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sohdion, provided tliat ilu! ammotiiiim sulphide is not present in too gi'cal 
oxcesH. ]h)iling owalir arid sohdion does not attael< molybdenum sulphidi' 
(MelJjod of sej>a]ation from llu! sulphi<!e pr('])arod by the wet nietlax], 
whieh is sohible tlierein. ('larke.) Wlieri ignited in the air or heated 
with vilric arid, molybdi-niim sul]tliide is oonveited into molylKleruim 
trioxide. 

0. On tn'iding a solution eontainit^g moly]>date ion witli potnssinni 
(iiioeyanate and a little li^dioehlorie it heeoines i/iUou\ and on then 
adding icduelion takes place, and this leads to tlie formation of a 

molybdenum tliioeyanalo, corresponding to tin^ oxide or sesquioxide. 
Tlie Injuid becomes carmhu-ud through this reaction, ami tlu' coloration 
IS not destroyed l)y tlu^ addition of phosjihorir tiriil. (Distinction fioin 
ferric tliiocyanate.) On shaking (lie red liquid u itl» <‘t}ier, the tliioeyaiialcs 
arc extracted, and a red ethereal layer is obtained (0.1). Braun).“ 'I’artarK; 
acid and oilier organic acids prevent the i(Metion. owing to the formation 
of eom])lex compounds. 

10. On treating an acid solution of molylabc acid with hiidrogoi 
pero.ndr, a j/dinw liquid is uhlaiii'd, tlie eolonr of which is not removed h\ 
shaking with (dher. Ammoniacal solutions I)e(C)mc rcddisli-hrown on 
tr<‘atincn(. with liydrogcn ])ero\ide, owing to tlie formation of ions of 
ammonium peimolyhdate {Sehim. Weillier, Barwald, Bettel, Mihkou, 
6'Arm. Zrulr., 1912! 1!., 1571); A. Koinarowsky, Had., ltH;{, JJ.. \m\). 
The reaction is not ajqdicalde m tlie latsenec of vanadates or titanaios. 

11. On adding an acetic acid solution ot phenyl!i\dia/.me tc> a solution 
containing niolybdie acid, and healing tlie liipiid to boding ])oin(. an 
intense vnnu.rcd coioraliov or a rnf 'iDvrijdffdc is obtained. The red sul*- 
stance may be extiacted by shaking with eldoroform. 'I’bis is a veiy 
sensitive leaciion (vSj)iegel and Maass, !kr., 36, 512). When added to an 
ammoniacal solution, jihenylbydiazine aectate prodm'os a coloration 
resembling tliat of iviur ycasl, or a jirecipitato of llic savic rohmr. If a 
little (anuin solution lias been previously added, tin' endour ijecoines 
mahogany hown (l‘o/.zi Kscot. Cfimi. Zodr., ltK)7, f., 1 Ibo). 

12. An alcoliolic .solution of diplanql rrnhaddc produces a fn/r uuliijo- 
violet coloration in a weak solution of alkali molybdate, or a. ])reci]iitalc "f 
the sami' colour if <‘xcess of tin' reagent, is added. I’lie coloration h 
destroyed by an excess of aeul or alkali. If, instead of ethyl alcohol, a 
homologous alcohol is used as tlie solvent for Un* diphenylcarbazide, otiirt 
sliades of colour are ]iroduced (Lecsvij, Chon. Zndr., IIMM, 1., 830). 

13. With regard to the colorations wliicli molylxli'imm eliloiide solu¬ 
tions give witli alkanet tiurluie and their ahso/jilion ■'^p^rf/a, see Boinniin k. 
ZeilsrJt. anal. Chan., 39, OSO). 

^ Or another re.diKiiig agent, such as hyduxjcn suljdiulr. This molbed is 
rcoomraemled by (tanas,sim for (ho iletoetion of tnice.s of molybdenum, tk'“ 
solid substance being triturated with a small amount of eoiicentratod sulplum^ 
acid containing a little ixilassium tliiocyanate, and tlio liquid spread out ami 
subjected to the action of a current of hydrogen Hulplnde. 

“ If the reduction of the molybdate ion la carried too far, the reaetion may 
not take place (E. Kedosdy, Chan. Zailr , 1313, Ik, O'Jti). 
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11. Molybdenum compounds impart a i/<’Hoin to hrowmsh-ydlow 
coloniiioih to alkali ‘i)ko,'<phal<'. bcad.H, wliilo hot. in tlio oxidalion llunio, tlio 
beads becoming ycllowish-giocii to colouiless on cooling; in tbo rcdm'lum, 
flame, the beads are dark brown wliilc liot, and blnidi-ijnoi to (jrasaafiren 
after cooling. Similar, but iiuich li'ss [)ronounccd, colorations arc obtained 
with ho/a.i {Lut/., Zcilaeh. anal. Chan , 47, 21). 

15. Molybdenum trioxido volatilis<“s when heated on charcoal in the 
<11 ubilionjlainc of (he blowpipe. The ciiarcoal becomes coated with a yi'llow 
(J'ic<|iiently crystalline) powder, whieli changes to white on cooling. 
Mihdlw. niolybdenniu is toiined in the redm ing llaino, and by sedimentation 
with water is obtained as a grey powder. .Molybdenum sulplndd yudds 
sulphur dioxide in the oxidising liamc, and I’oims a deposit of molybdenum 
irioxido on the charcoal. 

iO On heating molybdenum tiioxidc or a molybdate for a .short time 
with sodiani rarbonalc in a jilatinurn sjiii.d, dissohing the fused mass in a 
few drops of hot water, and ab.sorbiiig th(‘ solution iii stiijis of liltcr pa pci, 
tile mol\bdi'tiuin may bo detected in tlusc by means of spotting test.s 
witli hydrochloric aciil and potassium fcnocyanidc, with slaunous chlondc, 
and w itli ainiiioiiiuni sulphide and Jiyhocliloiic acid (Ihmscn). 

17. < )n heating molybdenum (i loxido w it h an cipial (piant ity of sulpliui 
iodide ' oil an aitiHcially-made tablet of gypsum in the oxulising llame of 
the blow[iipe, an ulltamaiim -blac deposit will lie obtained (Wheeler and 
biKlekiiig). 

18. With regard to the niiooehenneal dibelvni <>f viKlybdi nam, 
Maiisluifer, Miknmkopisrlir fbalUioncn, p. 137 ; Jleluen.s-Kley, Milcro- 
rill )iiisiii< /l/m///csr, 3id ed., p. 115. 


Skc. 138. 

6. Tungsten, W. 18l(b 

Tlllll|■•'ll 1/ IS duidi/d, fi lull all id, ]ii. iibii ab nl, and In .mtab id. It is 
Mot wuh'Iy ilisliibuted in naliiK', and is not found in any huge ((uantities. 
d'lie tungsten iniiioials of most common oeeuneme aie seiieehle oi' tiing- 
^^tone (ealcjum tungstate) and wolframite (leiious and manganous 

liiiigstab'). 

1 . I'lniiisb n, as (.)btained liy ledneing tile tiioxide w'llli aluminium or 
liydrogeii at a high ignition temperatiiie, is an iron-giey jiowder of sj). gr. 
Ilbl, melting with great dilli<‘iilty at 2 S.jO'. Ihilveriihiit tiingstcu, wlten 
Ignited 111 the air, is eonverti-d into tungsten liioxide (timgstie anhydiule), 
M O ;uid, when ignited in a cm lent ol dry ehloi me inw li oni air, y udd-s a 
'Ublmiablo blaekish-violel chloride, WC'l^, whieli usually eonlaiii.s lower 
ihlorides and sometimes oxyehloiides. (3n beating the ( hlniidc with 
''atiu' It is decomposed witii Ihi* formation of tnngslie aenl. Tungsten 
‘hIon(l<( is also obtained by healing the tiioxide to lediu'ss in a current of 

^ This IS pre|>ar<’d hv fusing 10 parts ol iodine with 00 parts of bulpliur and 
povvdciing tho fused mass. 
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carbon tetrachloride vapour, or in a mixture of chlorine and carbon mon¬ 
oxide (Qiiantin). Un igniting the trioxidc in a current of hydrogen 
chloride, volatile chloridew arc obtained (Friedhcim, Henderson, and 
Pinagel, Zeitsch. anorg. diem., 45, 396; Z/viixch. anal. 48, 190). 

Tungsten is insoluble, or practically insolubUs in acids, including ugua 
regia. Even hydroIUioric acid by itself liardly dissolves it, but it is fairly 
easily soluble in a mixture of inlric and hydrolluuiic acids (Moissan, dum. 
Zentr., 1896, J f., 416). It is not dissolved by potassium hydroxide solution, 
but is soluble in a solution of }>otassium hydroxide which has been treated 
with alkali hypochlorite. When fused with potassium hydimidi*, tiingslen 
is slowTy dissolved, while hydrogen is hbciated. Very lincly divided 
tungsUm is soluble even in ammonia and hydrogen peroxide solutions, oi 
in a solution of ammonium persulphate. A coaiser powder may be 
oxidised by ignition after moistening with nitric acid, and the oxidation 
product tlien extracted with a solution of soilmin liydioxido and hydiogcu 
jHTOXide. Tungsten, (wen m eoinpaiatively huge fragments, may Ik 
render«Kl soluble by' fu.siuii with alkali nitrite (Ifans Arnold, Ztilxch. 
Chm., 88 , 74; ('hrm. Ztnir., 1914, ii., 1121; Zeilxih. anal, t'hiw., 54. 
357). 

2. Tungsltn oxiilcy WOo, is Inowii; wln-n strongly ignited in the an 
it is converU'd into the trioxide. Tangxlcn Iriv.ruh , WOy, is Icinon-ycllow, 
becoming dark orangi' when lu*atcd, is not deeoin[>osed by' lieat, and is 
insoluble in wattu’ ami acids. A smii's of Jnjdro.iuk.'i corresponds to Ibe 
trioxide, some of which have lioth a slightly basiiJ as well as a dclinitc 
acid charackT. 'I’liesc include tang-'^Hc acids, H 2 W 04 , winch is yellow, 
and H 2 WO 5 , which is wliik, and nulahmgxHc acid, H 4 W 4 ()i 5 . They ail 
show a pronounced tendency to cliangc into the colloidal condition. 

3. Several series of salts, therefore, correspond to these acids. On 
fusing tung.sten trioxidc witli i>otassinm hydrogen sulphate, and treating Hu- 
fused mass witli wat(*r, there is at lirst obtained an acid solution, wlnc-li 
does not contain any tungsten iuiis.^ After separation of the sobitioii. 
the residue, (consisting of j^otassium iumjslalc w ilh a large excess of tungstic 
acid, will dissolve completely in water to which ammomum caihonalc has 
been added. {Distinction and means of separation from silu-on ihoxulc.) 
On fusing the trioxidi^ with alhdi carbonates or sodimn pcioxide, alhdi 
tungstjvtc's * are obtained ; tlu^sc dissolve icadily in water, and with muic 
difliculty' when boiled with alkali earbonatc solutions. 

4. Jlydrochhiric, ndiic, or sidjiJiiiric acid, when added in sutUeiciil 
quantity, jiroduce irhilc precipUalcs of hydrated tmigshc acid w soUdiviix 
of alkali lungstales. When boiled, the precipitates become, yellow and los( 
wader, and they are insoluble in excess of the acids. (Distinction from 

^ Because the potassium hydrogen sulxihatc proaciil prevents them from 
dissolving. 

* Metallic tungsten and tungsten trioxide are rendered soluble by fusion 
with potassium nitrate and potassium carbonate at a temperature below red 
heat. (Method of separation from titanium.) (Defacqz, Chan. Zentr., 1897. 
I., 129.) 
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,iKilybili<' The tungstic acids are soluble, bowever, in very con- 

crtitralcd hydrochloric acid. They do not volalilise. xohen hided with 
},i/,hfJluotic neid find a h(tk mdphnric acid (distinction fjoin silicon 
dioxide), hilt arc .sdlahk in ammonia .sohdion. They dkmlvc, after du- 
(Miitatioii of the atads, even in waUa*, if tho treatnu'iit is continued long 
nioiigh. On evai)orating them to dryness with excess of nitiic acid, 
Jicatiiig the residue to 120', and treating it wlien eold with a solution of 
aitiiiioimnn nitiate containing latrii; aeid, tJie residue will eoiilam almost the 
whole of the timgstie acid (N. J. d’ram, A. Ziegler). Pliosphoiie aci<l does 
not cans(' a pM'cifntation. ft even jircvcnts tlie pH-ciintation l»y other 
ju ids,' owing to the formation of complex eumponnds.'^ 

r». Uarinni chloride, calcuiin chlondi, lew! act loir,.'olcir inltah, mid 
nitndc jn-oduco white preinpitates m .solutions of tungstates. 

1 ). Tola.'^.sinm f<noryauidc jiroduces a deep brownish-rcd ecjloration on 
Ui'‘ addition of a little acid, and after some tniKJ a pncipiUdc of the sanw 

mlniir IS fo! HO d. 

7 . (I'all i/iil liKclarc or tannin givi’S a blown coloration oi‘ prccijiitute 
(HI the addition of a little acid. 

S Ihidio'ii II .sulphide produei-s seaH'cly any ])t ('ei[iit ate m lu id solution. 
Annii-'iiiuiii .sulphide dues not give a precipitate with a solution of alkali 
(migsl ale. In the. presem e of ions w liieh can be [uecipitatc'd !)\ ami.ionmm 
snl|ilude, manganous ion (Taggart and Nmitli, Chin. Zeirlr., 181)7, 
L, uU'.t), tungsten sulphide may be pai tially jueeipitated at the same time. 
On acoliji/nof a, .sol/dion contaimnj ix'i.s.'i of ammoniani .siiljthule a pale 
hi'jini piicipifah' (f Innifsirn 6idphide, WS^, mixed with sulj)liur, will bo 
|ni‘ci|)Uate<l ; this is somewiiat solulile in pure water, but is bately .soluble 
111 water eontaming salts. 

1). Slamioii.s ehlonde ptoduces a yellow pn cipitah m solutions of alkali 
tungstates; on adding hydioi'lilonc mad, and heating tin* tube, tlu“ pie- 
iijHtale will liceome hnijld hlto\ 'I'his is a very sensitive ami eliaiaelenstie 
nat‘li()i^, w'hieli is suilalile for tlic sep.iiation of tungstab' ion from molyb¬ 
date ion (Mai baker, Zeilsrh. anal. ('la m., 56, I It)). 

It). On treating a solution of an alkali lungstati' with eoueimtrated 
li\diocliloile aei<l, or better, with I'xeess of pho-'^phonc lool, am.1 adding 
■ no', a hi o/hl blue coloration w ill be piodma-d. 'Pli<“ blue eohu .itioii ol dauied 

* ruugstie .teal may Ixi pi‘rc,i[»it.ite<l by ad<bng tannic aeid <iiid (unnoinai 
m the |)iescu(;o of phns[)li.ito lou and sub.sci{uently acidifying tbe lujuicl with 
' "iM cut I a ted lojdioi'htoi o at id (lUibei, MonaOh. I'hnn., 27, ; Cheoi. Zcnlu, 

k'Oi;, II. 7(i:{). 

' Willi regaril to the separation id [diosph.il.c ion fioin tungsl.itc ion in 
^uvli solutions, s<'c V. Knoire, Zedsih. mod. Thttn., 47, d7 (.ind for the sojiaratioii 
'd tuiig.stato ion fioiu eliroinab', Ibid , 47, 'k)7) ; also Kchriiiaiia, lUr, 20, 
l>il:); 'Ziilsrh. mod. Chew., 27, :)‘I2 (<dso ioi tiu- .s('i).ualion of tlm ions of arsenic 
•uul lungs.u-n); Kedirtmum, Luhifu Ann., 245, to; Zcdsc/t. mud. Chon., 39, 
717. 

'I'lic resulting precipitate is .soluble, <iitcv ignition, ni couceutiatcd hydro¬ 
chloric itoul, but scpaiuti's again on <lilutiug tlie solution with watei. (I)ia- 
tinctiiMi fiom molybdate ion. Ihbotaon and Ificarlcy, Chon. Zenlr., ilX)0, 
l.lhO) 
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ill hydrochloric acid solution changes first into red and then into hrownisli- 
black. A lujuid of deep blue colour ^ is also produced by gently beating a 
solution of alkali tungstate (sbgbtly aeidilied with sulplniiic acid) to 
which sodiwa hijjHtjihos'ithifc and •sulphur dioxide have been acldod. 

11. Fi •rrmis sulphate pioduces an ochre-yelkm precipihde, which does 
nol become blue on the addition of ae^ds. (Distinction from molybdate 
ion.) 

12. Tartaric, citric, and many otlu^r oripinic acids form complex com¬ 
pounds with tungstic acid. Ih'iice IIksc; acids do not jaccipitate- tungstio 
acid from tungHtato solutions, and oven juevent Us precipitation by rnincial 
acids. l'’or the same reason, they interfere moie or lcs.s with tin* action of 
the reducing agi-nts just mentioned, and the eonscfpK'iit pnaluction of a 
blue coloration. 

Kl. On lu'nting tungsten trioxide with pi)lassi/nn hydnxjeti suipliat< 
and a httlc concentrated sulphuric acid, allowing the mixture to cool, 
and adding a drop of a pfu nol. chaiactn ishc colorations (usually disappear¬ 
ing on the aildition of water) au‘ obtained. J<’or examph*, plu'uol ]>ro<luci‘S 
a red, and hydroquinone a violet coloiation (Defacqz, Clinn. Znit)., i8iM>, 
11 ., 

14. Most of the metatunijstatis aie .solvhk hi water. Oidiiiary tungstic 
acud is precipitated on boiling the solutions with sulphuric, hijdrochlonc. 
or niliic acid. 

1.5. Alkali phosphale dissolves tungstic tiio.xidc or tungstates. Jii tlic 
oxidising flame the beads are trans[>ai<“nt and colourless or yellow, wliibt 
in the reducing llame tlicy aj>pear blight hluc, tlie colour l)ee()iiimg 
blood-red on tlie addition of ferrous sulphate. Jiorax beads <lo not show 
any ehaiaetiuistic coloration. 

16. On lieating tungsten compounds with very litth* sodium, caibouah 
\i\ a hollow on chaieoal in the iiimr hloaqu'/a tungsten powdci, 

wlueli can be, separated l)y sedimentation, is obtained. 

17. When tungstates are heated with sodium caibouatc in a ^nkvliiuiiii 
spiral, tlie fused mass heated witli a tew dvojis of watei, and tlie solution 
absorbed by mi'ans of stiips of liUm papei, tungstc'ii may bo d(4eeti<l m 
these by a yellow eoloialioii when tliey aie heated after tin* addition of a 
drop of hydroeldoric. acid, and by a blue coloraHon when they aie li<‘<itt<l 
with a drop of sfaunous- chloiule .solntion. Ammonium sulphide does not 
colour the paper (uther by itself oi after tlu' ailditioii of liydroehlouc ai nl. 
but wlion heated the paper bocome.s blue orgieen (Ihinsen). 

18. Wlu'ii licatcd w ith suljdinr iodide on a gypsum lalikd in tin* t>.t vhsnuj 
jlame, of the hbmpipe, tungstates yield a gieenish-blue d<‘])osit (Wlicelei ainl 
L\id<‘king). See also footnote, p. 'W.). 

19. Mt>sL of the tungstates in.soluhle in water may be deeomj>osid h'j 
diyc.dion milk aciil-s\ Tin* mineral wolframite, whieli is only attacked h\ 
acids with dilTicuIty, may ho di'eonipo.sed by fusion with alkali catbomd' 

* Other reducing agents also jiroduce a hluc coloration, HU«-h as mercuiens 
nitrate and potassium iodide (Katka, Ztilscli. a/nd. Chan., 51, 482), or merenry 
(Pozzi-Escot, Chan. Zentr., 1013, 11., 85 : 1014, i., 70). 
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or tW»«m 'I’}je fu«c‘d mass is soluble in uator. AK'tallii^ 

and tungsten alloys (ferrotungsten) may eonvcnionlly be dissolved in 
li!/<fi'Jhion<‘ add mfh nitne ad<l, Iha solution then litated with suipbuiie 
aciil, and the volatile ai-ids (‘vapoiati-d (Ibbotson and Uieailev, /ej’/Af/o 
tfind. Clutu., 44, .'>()!). On tic'atmg lungstiai steel vvilh iiydioi hloiie acid, 
inetaliie tungsten 8e|)aiates, and may be dissolved by adding nitiie aeid. 
For the analysis of metaihe tungsten, Jl. Arnold [Zulsih. unoiif. (la ni., 88, 
71; Zntarh. anal. (lu}n., 54, *157) reiomineiids dissolving tin* powdc'r, 
if line, <lireetlyin anunoiiia and hydrogiai peiovide solution, or il eoaiso, 
in .sodium hwIroMdi' and hydrogcai piaoxide solution, after o\jdaliot'*\\ith 
nitric acid, whilst larger piceea may be electiolytieally di-ssolved as anodes 
in aninionia solution. 'I’he alkaliiH': or ainmomacal solution is tuateil 
with 50 j^K'r eenl. tartaiie acid solution, and then with bydioeliloi u-, aenl, 
miljl the solution (■ontains 4 ]>er eenl. ot that aeid, aftei' uliu h tlii' iKpiid 
i.s saturated with livdiogeii sulphi<le and lilteieil, and the liltiate |)ouied 
III a thin stieaiii into boiling strong h^ droehloi le aei<l. Most of tiu* lungstie 
iU'id will then sepai ate as a gi aim la i pi I'eipi tali', d'lu' Jilti ale is evaj iota ted 
to divness, the K'sidue ignited, wlieieby the taitiates aie eonveited into 
caibonates, and the lesulting fu.sed ma.s.s is extracted wilii water. Oxides 
or earbonati'S of (Jioiip.s 111. and iV. remain in the lesidue, w liilsl tungstic 
acid is dissolvi-d. 

iM. With regard to the iiur/ai-h/ tna at d^(cla>n of tungsten, see I laiisliofi-r, 
Miboskopif^da’ litaUaaKn, p. Ill ; Bchrens-Kley, M iknula mh< he 
Analyse, 3id ed., \k I2t, 

B. Reactions of the Anions. 

8kc. 99. 

Ueagi'ids lor tlu‘. detenninatiou ot tlic anions, analogous to the 
le.igent.^ for the detectiori of the eation.s, cun be divided into yancral 
tnoap icaynUs and sjn-dal trayctils, i r. those which serve to identify 
individual anions. It is, however, liaidly po.ssible to arrange and 
dcline the groups as sharply as was tlu^ ease with the i-atious. 

Aeids are divided into two main groups, i/io/yuaw and o/yaiuo 
acids. Kor analytical puipo.se.s, deviating from tln^ llieorctical 
conception, we make the divisions in such a way that tin' dillereiitia- 
9oii is based on the behaviour at a higher temperature, and mdadc 
<» !/«• oryanic acids only those the sadls of which ((“specially tho.se, with 
die ions of alkaii.s or alkaliin; earths) a/e //eco/u-po.scd on ajndw/i, with 
d'<- separation of eaibon. 'J'liis charai terisiic lias iJie advantage 
diat it is very evident, and that by nn'iuis of a simjile preliminary 
test it renders it more easy to determine to winch division the acid 
ulumld belong. Tlie salts of oryanic aeids with alkali or alkaline 
^'(^ith nictals are converted on gentle ignition into oaibvnales. 
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The iimijtmic miiotus can be divided into three groups, accordin-' 
to their behaviour towards the groiip reagents, hariutn ckLoruU' and 
silver vilraie, the lirst of wliich can again be su])dividcd into four 
classes, according to the Ixdiaviour of the members of tlie gioii]) 
towards («) ft/jdro;/cn sulphide, and (6) of their huriuin suits (oivuids 
acids. 

The onjdiiic anions dealt with in tliis book (^an b<‘ ihvided lirstiv 
into two groups, according to tlu'ir beliaviour towards caltiuni 
cfdoNdc, and each of these is again sub-divided into two divisions. 

The tirst grouj) is <diara(derised by its behaviour towairds 
chloride, and the second liy the condition oj u<pfre;/u(ion, Ihc rolutililu, 
and the. solubditij of the free acids. 

As in tlie case of tJie cations, a geinual survey of all the anions 
coiitaiiuMl in this book will precede the description of the individual 
ones. Ib're again the more freipient and inijtorlant mmnlHMs of 
the groups are piinti'd in italics. 

Tlie behaviour towards the group reagents is m each case given 
at the beginning of each group or suii-divisiun. 

1. Inorganic acids. 

First Oroujf. 

First division. C/uoniic acid or chioinate ion, (sulpliurous acid, 
thiosulphuric acid, and iodic acid, or sulphite, thiosulphate, iodate 
ions). 

Second division. Sulphuric acid or sulphate ion (persul[)huric 
acid or ])crsu]pliatc ion, silieohydrofhioric acid or silicolluondc ion). 

Third division. (Ortho-, pyro-, and nieta-) phosphoric aad, 
boric acid (pcrboric acid), oxalic acid, hijdrojluoric acid, or phosphulc 
ton, borate ion (perborate ion), oxalate, icn, Jluoruic ion (phosphorous 
acid or jdiosphite ion). 

Fouith division. Oarbonic acid (percarbunic acid), silicic acid, 
or carbonate wn (percarbonate ion), silicate ion. 

Second (Jroup. 

Hiplrochloric acid, hydrobromic acid, hydriodic acid, hydrocyanic 
acid, hydrofenocyanic acid, hydrojerncyanic acid, (hiocyanic acid, 
hydrogen sulphide, or chlorine, bromine, iodine, cyanogen, feno- 
cyanogen, j'errieganogen, thioeganogen aiul sulphide ions (nitrous, 
hypochlorous, hypophospliorous, mtrosulphuric acids, or nitrite, 
hyjiochiorite, hypoplios})lutc, and azide ions). 
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Third Group. 

Nitric acid, chloric acid, or nitrate, cldoralc ions (jjcrchloric acid 
01- porclilurute ioJi). 

n. Organic acids. 

First Group. 

Kii\st division. O.adic acid, tartaric acal (raicmK' acid), 
avid, malic aval, or o.ialafe, tartrate (nicoinatc), cifiaiv, malatc ants* 

SiM-ond (livision. !->aceinic acid, cinnamic acid, or succinate ion, 
viiiiianiijlatc ion. 

Second, Group. 

I^’irsfc division, licn.oic acid, sahcijlic acid, or henjiate ton, sail- 
Vflintr ion. 

Si'coml division Acetic acid, foimic. acul, or aicfatc ton, foimatc 
n,ii (laclic, acid, ))ro|»ioni(^ u(i<l, butyric aciti, or l<ictiitc, jiropionatc, 
liiit} rate ions). 


IV. Ukac'J'Ions of 1 NoiviDUAi. Amons. 
A. Inorganic acids. 
iSfc. 1(>U. 


First Group. 

Anions which are precipitated by barium chloride from 
neutral solutions. 

Tins group is divi»led into four classes, as follows : — 

(a) A<‘ids irliich arc dccotn.poscd, htj the action of hijihoijcn sulphide 
on (heir arid solution, and wliicli were. Iliend'ore, refeio'd to in 
die examination of cations. ? c. cliroinic acid (sulphurous acid and 
lliiosulphuric acid (he latter, because. iL is decomposed and rec-og- 
iii'^ed at once on tin; addition of liyilroclilonc acid to the solution 
"f OIK! of its sails -and also iodic acid 7- 

{h) Acids which are not deeomjiosed by hydrogen sulphidi'. in 


‘ Tlic first cUvisioii of the first gnaip of aoid.s should luvvo iuciudi‘d all 
com|>t)uti(ls of pronoutK-(“d acid characteristic.^ winch have already 
t'cen dealt with iti the sixth group of (xitions (arst^nic acid, aiitimoinc acid, 
''''l'‘iuous a(!id, etc.) As, howc\'«“r, their hchaviour fowurtls hydrogen sulphide 
(''rincrly cati.sod them to be grouped vvitli other cations r.itluo’ than with other 
'i-'ifb, these coiiijiouiKp, wliK-h, at least from an analytical point of view, arc 
'"I (he ljuolerlme between cations and anions, i r. acids, arc descrilMsl with the 
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acid solution, and the harium sails of which arc imoluhle or scarcchf 
soluble in hydrochloric acid : stdphuric acid (ailicoliydroHuorii^ jicid). 

(c) Acids wliicli are not decomposed by hydrogen sulpliidc m 
acid solution, and the barium stdls of wiiicli arc apparenihj soluble w 
hydrochloric acid without dcco-mpositiou, in so far as the acids oi- 
their anliydrides are neither separated in solid form nor esca[je ;is 
a j;as : phosphoric (wid, boric acid, orahe aci<(, hydrojluoric acnl 
(phospliorous acid). (Oxalic acid is, in aeconlam-c with its chejuuiil 
nature, also includiMl among the organic acids, but is inenlioncd 
iiere because the, behaviour of its salts, which are dccomjmed on 
ignition without actual eaibonhsatioii, causes it easily to be ovei- 
looked as an oiganii*- aciil). 

(d) Ai-ids which are not decomposed hy hydrogen sulpliido ia 
a<-id solution, and (hr barium sails of iv/nch arc soluble ui hydio- 
cldoiic add. with the hb<ra(io)i of the acids or their anhydrides: 
carbonic acid, silicic acid. 


First Division. 

Of the First (iroup of I noryanic Acids. 

Sec. 101. 

Chromic acid, lloCrO.j. and dichromic acid (budnomic acid, |))!u 
chromic acid), (chroiuaie lou Ci‘0",j[, or dicliioiualc 

ion, CroO" 7 ). 

1. Chromium trioxidc, cliroinic anbydrhle, CrO;j, forms a scarlet 
crystalline mass or distinct iicMMlle-shapeil crystals. On ignition 
it decomposes into eliromic oxide. (0iwO_d and o.N.ygen.^ It. deli- 
([U(‘sees (piicidy in tlie air; it dissolves in water with a yidlow'isli- 
dark rod colour, visible oven when considerably diluted, ('hroin-ie 
acid and dichromic acid are not known in the jiuri' condition, Itiit 
their existence may be, assumed in the aipieous solution of lii'' 
trioxide. Both aredi-busic, i.c. corrcspoiid to the anions CrO"i aii'l 

Cr.O'V- 

Chromic acid in the tirst stage is a strong acid, in the seceiid 
stage is very waaik ; for the dissociation (■onstant for tlie process 
[ll*j.[CiO'' 4 l—/v-i-llICrO'^l IS that is to say, only "I tin' 

order of dimension of the lirst disisociation constant of raibuiuc. 
acid. l)ichroini<5 acid is stronger in Imtli stages, but especially m 
the second, tlian chromic achl (s<‘c Beck and Stegmuller, Arbeilni u <1- 
Kaiscrl. Ccsundhcituimt, 34, i lO). 

2. The chronuUes and dichronudes are all red or yellow, and maiul} 
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insoluble in water. Some of tlicm are decomposed on ignition. 
(’Iiromates have a groat rcscmblaneo to sulphates and inanganates, 
uitli which some, of them also cry.stallise isoniorj>hously. There is, 
liowever, no hydrochnjiuate ion analogous l.o the hydrosulphate ion. 
The .alhali chromates K.,tlr ()4 and Na^CrO, resi.st tfie action of heat. 
;\ll<ali chromates dissolve in water with a yellow colour, and alkali 
(liiliioinates with a reddish-yellow colour. The colorations are 
visible oven in very dilute solutions. 'I'he former have a neutral, 
I lie latter an acid reaction. On the addition of an acid, whej'eby 
llie enneeni ration of tin' llOrO'i ions is lir.sl, of all increased, the 
yellow colour ol a solution of chromate changes to reddish-vellow, 
lining to the foi'ination of dichi'omale ion, 2llOr()',i^Or,.()"7 [-ILO. 
Ill neiitr.il aijiieoiis solutions the process is reversed. Dichromate 
ions .'lie always decomposed to a certain ih'grce into IK'rO'i or also 
I i I )",j ions, wliicli, wit li suitable i .it ions form [u ecipitatesof clironial es, 
liei.nise chromates do not dissolve so readily as the corresponding 
.'.ills of the stronger dichroniate ion. 

Hydrogen sulphide produces in the undijinl solution of a 
iliroinate al Jir.-.l a Iii-oivhix/i, and then, owing to the foniialion of a 
I hioniic. salt, a. green coloration of I he .soliil-ion, with t he sinuiltaneoiis 
sejiiiiatioii of sul|ihiir, whii'h gi\’es the lii(iiid a. milky ap|)earanee : 

rr.d)"7 |-I1J['-1 :!lltt'=i2(h- |-7ir.d)-l-3S 
' K„('rJ)7 I llL.SUi I dlLit -d':.St)4-|-('r;,(S()4),,-|-7ir2() [-3S 

Heat piomotes the reaction, and [lart of the sulphur is then 
oxidised to siilidniric. acid. 

■1. Ayiiiiiiiinim .siilpliHK', added in excess to a solution of alDih 
(tie}iromiili\ at once, jmidiici's a hniioiiish. i/rc//-</rccn pilalc con- 
.sisling essentially of cliroimc liydro.xide and sulphur. In a iii'iihul 
xnluhint of tilkiiH chioituilr there is at first onlv a dark blown color,a- 
lion, blit alter a while a brownish grep-green precipitate similar to 
lliat just mentioned is sep.iraled. The prei i|iit,itIons are only 
• omplete after boiling. The prei ipilates dissolve aftei washing ill 
In di'ocliloiic acid and give oil an odour of hydrogen polysiiljdiide. 

•'). (Jhiomalr Hill. '111.111/ III' I'nliH'i'il III chriimic toil h;/ iho litii' of 111111111 
I’llii'i- (ii/ml.i, especially by xiil/i/iur iliii.iiih'. iiiiniiiimviii IIiiiiih'i'IiiIi; in 
acid solution, .xoduim Ihiiisuljihiile in acid solution, by heating with 
C'liiiCi’nlrati'd hijihiirhliiiti' iii'iil. also with ilihih' lii/ilriir/iliii'ii: acid to 
'vliich ulcoliiil i.s ikIiIciI {whereby ethyl chloride and aldehyde escape), 
by xtrninoii.s chloride or ini’tiillii: ziiie in the presence of liydrocliloric 
"!■ sulphuric, acid, by heating with liirhcrir and. fi.riilic iind, etc. All 
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thepfl reactions are clearly characterised by the change from the 
red or yellow colour of the .solution to the green or violet colour of 
the chromic salt. Alkali cliriniuitc sohdiovn are mit reduced by 
alcohol even when heated. (Distinction from manganatos an<l 
permanganat<'s.) 

(i. Barium chloride produces in aqueous solutions of chromates 
and diehronudes u i/elloieish-irhite precipitate of barium chromate, 
Jia(!i'04. It dissolves readily ii\ dilute hydrochloric .acid and nitric 
acid., as then, through the formation of dichromate ion (.see L') and 
of undissociated (diromic acid or hydrogen chromate ion. the concen¬ 
tration of the Crt)"| ions is ,so decrea.sed, that the solubility |>rodu(‘t 
|Ba"|.[(’iO"4] hs no longer ri'ached. Barium chromate is scarcely 
sohdile in cold. hut. dissolves more readily in boiling water. 
Ammonium salts increase thi' solubility very noticeably (see p. 141,'.)) 
and acetic, acid very considerably, but the salt is completely in¬ 
soluble in these weaker solvents if neutral alkali chromate is ailded 
to the liquid. The reason for this lies in the fact that the hydrogen 
ions(also present in ammonium salts, owing to hydrolysis) are, removed 
in the formation of dichromate ion (2(lr(V'., | 2II' \ Ibdt) 

without any great reduction in the concentration of the chroniale 
ions.t 

7. Silver nitrate produces in an a((ueon3 neutral solution of a 

chromate a dark, hroirnish-rid preeipilide of sdeer chroumte, Ag.j('r04. 
readily soluble in nitric acid and ammonia solution, ami in weak 
acid solutions a darh red to reddish-brnuui, erijsttdline prccipdute of 
sdver dichromate, Ag.d'rdly, which is readily soluble in ammonia 
solution but less easily in nitric aidd. • 

8. Lead acetate precipitates lead chromate, Pb(lr04, from an 
aqueous or acetic acid solution of a (diromatc as a yellow precipitate, 
insoluble in ammonia solution, soluble in potassium and .sodimii 
hydroxide solutions, soluble with diliiculty m dilute nitric acid, and 
insoluble in acetic, acid. On heating with alkali hydroxide the 
yellow neutral salt is converted into a basic red one (I’liOBblthOi. 

9. If a quite dilute acid solution of hydrogen peroxide (about 
6 to 8 e.c.) is covered with a little ether (a layer of about J cm. in 
thickness) and a liquid containing (diromate ion is added, the 
solution of hydrogen peroxide assumes a hriyht blue, colour. If the 
test-tube, closed with the thumb, is reversed several times without 
much shaking, the solution loses its blue colour and the. ether becomes 
blue. This latter phenomenon is especially characteristic, (bie 

* Cf. La Sanli, Cliera. Zentr., 1904, II., 1625. 



SEC. 101 cnnoMic Ann and mcunoMic Ann 300 


|)art of pota.ssium chromate in 40,(X10 parts of water still gives a per¬ 
ceptible naietioM (Storer); vanadic aei<l inllnenee.s tie sensitivene.ss 
of the reaction con.siilorably (Wertlier, ./. //ml' ('/iriit., 83, lOb), hut 
if sodium ]diospha(e i.s added, llie injuriou.s influence of the vanadie 
iiciil can he eliminated, owing to the formation of ii complex acid, 
(licichard, Zi’ifxch. mifil. Clinti , 40, .577 ) 'I'he blue coloration i.s 
|ll■l■sumably due to pcrchroniic :icid, Jf.jCrOg.i The formal ion of 
thi.s nciil l.'ihes jilacc in accordance wilh the formula : 

Cr.dJ", I-1II- I .5ir.,() 

or H.d'r„07-| 71U).-=2fh5(:r()a+r,H20 
After a short time a reduction to chromic ion takes place, and con- 
siapiently a decoloration of the ether: 

20rO"'R4 12II-=2(T--fr)ILO |-,502 

for example 

2ir3('r0s+3TI„R04.-('r.(.S0,)3 1 6H„()+.502 

10. niplienyJcnrhazule, or diplienylcarhazide acetate in alcoholic 
.sohition, if aildcd in excess to chromic aciil -or neutral or ai-id 
cliromale solutions produces ii beautiful purple-violet color.ation 
fthzeneuve, ('hem. Zciilr , I'.Kd, II, 7t);> ; Zeilsc/i. rnifil. C/inn., 41, 
5(18); smaller (juantities of the reagent produce red or brown 
colorations (Moulin, Vhnn. Zoilr . Itiol, I., 117.5; Zrilsch. inial. 
t'lirm , 48, ;m,5). 

11 Tf itisohihh' cltromnlrx are fuxid tnl/i xodiiim curhoHofc, with 
the addition of a little jiotaxsiinii. rhlomtc. and the ma.s.s treated with 
ff.iter, a soliilioii. mlonred i/i'llow by the chromate ion contained in it., 
IS olitain(|d, wdiich becomes reddish-vellow when an acid is added. 
The metals are, left in the, form of oxides or carbonates. 

12. Chromates are reduced to chromic compounds when heated 
with idioxphiift's or borax in the oxidising or rmincing Hame, and t hen 
.show the coriesponding reactions. (Sec 41, 13. [>. 171).) 

13. Very xiiuill qaatifitirx of tlirnoinlr ■ion may be, detected in 
ai|Ueous .solutions (but only in the ab.sence of other o.xidi.sing sub¬ 
stances) by one of the following methods : - -(u) A little yiKdaoutn 
liiiili/re (1 part of the resin to 100 parts of alcohol .52 |)er cent, bv 
"■eight) i.s adch'd to tlie liipiid .slightly acidified with sul]ihuric acid ; 
(f a chromate ion is present an iv/nw hint’ coloraHon i.s jiroduced, 
"liieh, however, disa|ipears in a few seconds if the, ipiantitv of 
('lu'oniate is very small (H. Schifl). (h) A little diphenviamine is 

' 7’h(‘ l)!uo perehroinates ol)tained hv IlicHPiifehl and Ins ceUnhoralnrs corre- 
ipemt to this acid 
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dissolved in corinMdrated swijdiuric ju^id, and a few drops of the 
li(|uid coniainin;' tlio <‘hron\ato addotl, A distinof. blue coloration 
will j)rov(‘ tliai (•lin>itjat(‘ ion is pia^sont. (r) A small ))ioco of starch 
nK)ist4‘n»'d with frcslily |>repav<‘d pofassitoH iodide solution is hroinrht 
into eontu< l. witli tlio rhromat(‘ solution {;n-idifi(‘(l with dilute hydro- 
flilorir or snlplmric acid), or a diluic fia'shly prepnr(‘(l potassiinn 
iodide .sohilion is inixojl with a small (juantitv of carhoii hisnlphidc 
the chromalo solution {acidified with hydrochloric or snljdjurh; acid) 
added, and tin* wlioh' shaken. A blue ridorut/on of the sfu/r/i. or .}, 
violet cojotatiou of the curboti bisulphide indi(‘a<.es the presemc of the 
smallest trace of chromate ion. (<0 'I'lu' li([ui<l under examination 
is acidified with a little sulphuric acid, and a small quantatv of an 
aqneou.s solution of jii/roipdJol-diuuihi/I ester added. A pelloir-nil 
coloration indicates chnnnate ion In the cas(‘ of vauv weak cotoia- 
tions the reaction can l)e macle more distinct hv shaking with 
chloroform, which (‘Xtracts tin' cohmrin;^ suhstams*. This is a vci\ 
sensitive reacthm. Imt. is not coniined to chioinati' ion (Mavmfchl. 
Chem. Zfii . 34, 9!tS). (c) 5 c.v. of a sohitmn of O'f) y,rm of a-nuphlhij- 
lanitne and oO ^rms of t art ai ic acid (or instead, oxalic amd or ;;laci.d 
acetic acid, htit not an inoryanic. acid) in KM) c c of water ;;ive a 
blue colorafion with a solutimi of chromic acid. The reaiitimi is 
still distinct at a concentration <»f t) 1 m;;rm in Kki c c. It depends 
on fhe formation of ati oxidation ]n‘odm t of the u-naphi hvlaimnc 
('lilorino and hromime like chromic, acid, j.iive a hlue coloration, 
Nitri(! acid ^i\'(\s a r<‘d. ozone a vioh't. cohiration lorlimc fciric 
chloride, nitrous a< id and hvdroyen pm'oxide do not oive cohiratmiw 
(Van Kck. ('hem. Zentr.. 1915. f.. 599). 

As chromate ion is rr'(]uc<Ml hv livdroyen sulphide to chromic 
ion, it will have Kcim aheadv detc<l(‘d m tin' course of analysis ui 
the tests for cations It mav also he easiiv K'coomsed hv the intense 
colour of tin* solutions conlaniine (hioinati' ion, tln^ excidhmt re¬ 
action with hydrogen pmoxide, and flu* charactmisrK- precipitates 
]>roduc('d liv lead and siKer salt solutions. The n‘acti»)ns mentioned 
in 15 serve, aftiu' fusion of the suhstani c's wdth alkali carhonate and 
alkali i hloratc, for tin- detiMtion of the slight traces of chronuuni 
whi<di aie to la' found in manv minerals, c.r/. s(‘rpeniine. 

Kor the detection of alkali <‘hromate.s in the ])ro.sence of dichro- 
mates, see K Donath {TiCitseh. anal.Chem . 18, 7H),and also Riiddcr 
[Ibid., 21, ot)8). With rcyard to the mteroelie-micid detection et 
ehroniie acid, p- 
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Jculs of U’bf> L'mjucnl (JcvAirrvutr of the b'ifd DivUioii. 

Hicr. 1(11'. 

I SlilpllUl’OUS acid, (Sulphite iuti, S()";(, M)(j)iii(e 

or J!y<lrosul]>liit<! ion, 

I. ^<nii>h>ir (/ioxc/c, sul[>|iiit()us atiliy'in(l<‘, S()_; (<oiiimutily called m 
rvciyday hie hy (lie ohhu’noiueiielaliin'of sulphiiiotis acid), is a eoIt>ui- 
Ic'.-;, ii<>n-iullai»nnal)h‘ ;ias, with a siilloeatin^ odmu (like bmiiiu” .sulphm'). 

II dissolves Jieelv in wafer, TIk' solulioii has (lie od<jiii’ (if the gas, turns 
Itlimis pa.jK't led, and bleaches fira/.d wood pajK i-.- I( contains sidjjhur 
dni\id(' (SOj), snlplmroMs acid (IK^O.,), and their jon>. It giadvially 
alisorhs oxygen troin tin' air, and is converted into dilute su!|_»inm<^ acid. 
Siilpinirous acid is an acid of inednnn slKsigth dissociation constants tor 
(lie Hist stage 1.7 1 ( 1 -’, for llie .second stage .7.1U 

'2. 'l'lu‘ sa//s (sidpliites) are eoloiiilcss. Of th(‘ neiilial salts only those 
<ii I lie alkali tnelais aie easily soluble in water ; of tliose wlii< li ai e insolulde 
oi dissolve w it li<hllieull_v, nian\ dissoK (‘ in w ali-i eontaiiung fos' suijihuiou.s 
.u id as iiydioicn sulphites (bisulpliites), wliieh are j»ie( ipitatdl again on 
boiling. 

When heated witli siilpliune aei<l, all the s.ilts develop sulphur 
dio\id(', wliK'li I .111 e.isilv b(' dislilh'd fiom their sotiitious It may be 
i<-eognis<‘d by the orlonr ol such an acid solution, and d< lee((‘d m the air 
above such a solution by means ot snitalde leagetils ( ee 11), (Method of 
detect mg sulphite ion in I h(‘ piesi'in.c of sulpha (i‘ ion.) 

I. ('/iJon'in irah t eonv ei ts the siilpiiites into suljiliates. and e<aise<juently 
ills,solves most of (hem. 

.7. Jinn urn rliloi ii/r /</1 ri jnlnh s //e ncnhitl .vuZ/s.Ijid/ nul the //m arid. 'I’Im' 
]>iecipitat(‘dis'solves m liydioehlorie acid. Allodi ln/<h<>(i'it .yn!i>liili'• i/iiJd 
■'■I'lph/oo/i.s (tc/iJ, wiiieli remaiiis /ioe in solution, ami fxiiiinn ,y/i/i)li//r, wliieJi 
IS ])reei|>i(a(e(|. Slnoiliiim rliloinh, hk(“ bainim (IiIoikN', pie<-ipila(es 
sliontiun> suljiliite. (Distmotion fiom (liiosulphate ion, Aulenrielh ami 
W indaus, 'A' ityrh. itnnl. ( 'Iti nt , 37, 2'.tn.) 

(». Jfi/tfi'inji I) Niilpltidr l/n' fill (li'iil, W'ltli Ihe loiuiahoii of 

water, pentat’luonie acid, and fur .'i/tlpJiiir, ivhii'li .yi /Kunhs. 

7. If a pie<'e of Iiiiglit roy.i/ar n'i/< ts mtrodiieed into a .soltil ion eonlamuig 
siilpinir dioxide, to whieli an eijual voliinu' of h>/iliorhlonf, tinil has heeii 
adiled, and is then lieated to boiling jioint, it a|ipeais Idaek (.vs tlimigli 
'o.iti'd vvitli soo!) Ill the ])rcs('iiee of huge ijiiantilies ol sulphur dioxide, 
hut dull ami lustreless iii tliat of small quantities (11. lleinsi h). 

’ In iiceordanco with tlio nonicnefitiin^ adliered to in this book, we c.dl the 
•icid siilpIutosalU with the anion IhSO',, “ liv drag«‘n auJjduto.” 'J’he term “ liydro- 
siiljdute,” nioKjver, us also ajijilied to the .salts of tlio “ Jiydrosuljilniious aeid.s ” 
(^eliutiienl)etg(‘r’s), U2N2O4, which are produced hy the action of zinc on aqiiooius 
•''"lutions of sulphur dii»xide, and there arc thug lu^utral, Na^'S^h.,, ami aimh 
NallS^O^, liydro.sulpluU'S of tins type. In all cases vvheio it is a qiu'stioii of 
liydrosulplules, we hav'o called special attention to the lai.t by quoting 
dll' formula. 

^ tSoo footnote, p. 4:U. 

30 
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8. If hydrogen is evolved from zinc (free from yulplnir) or uluiiunnjni 
and hydroehlorie acid (free from sulphur dioxide) and a trace of sulphui 
dioxide or sulphite introduced into the flask, hydrogen sulidiide is evolved 
with the l»ydr«^geii; the gas, Iherc'fore, p/orh/rrs u bktek coloralmi ami a 
prt^cipiUtk in (i Ivod acclali’ boUdion treated witli sodium hydroxide until thi’ 
preci})iiate is re-dissolved. 

U. tSulphur diwiiir u potrr/fnl jalacimj (Ujfi/I ; it reduces <'hroiiiali 
perimuigaiiah'S, iodaies, meicunc niliate, ami on heating {and in tin 
absence of large (piaiitities ot alkali chlorides) meicurie elilotid^' (to 
mereprous chloride),‘ dccoloiises iodine starch, gives a blue ]accij)iluli- 
with a mixiuro of potassium liMricyauide and fciiic cbloiidi', etc. if 
filter paper, thciefore, is satuialcd with a dilute Mdtdivn of.dunh - (on- 
taming a liUlc pure jmlassuiin nxldif {A. h’raiiek), or witli a solution of 
ferric chloride and f i ricii<iiiide ((J. Jlrowii) and then lined, a ven 

sensitivi' r(“agent ])aj)er is ohlaim'd. 'I’!u‘ l)iue eoloialions wlueli apjieai 
are only distirictiv e ol sulpluu dioxule tir suI])1uIl' w lien it is < et lam tli.il no 
otli<“r rednemg substances aie [iiesent. 'I’lie pajicis aie tlu'iefoK: p.u- 
tieulaily suitaide, wlien inoislened, for the detection of small (piaiililu , 
of gnstoH.s .sidjdinr duuidr. 

l(K iSilrer iiilxdc jireeipitalcs irhd< -direr i^nljdide Ag^SO^ iiom a 
solution eontaimng suljilute ion; it is soluble in intiie add, amnionia 
solution and also in <-\eess of sndium suljthite solution, w itii Ibi' loi nialioii ef 
sodium silver suljdiite. 'I'lie latter solution, as also the pieeipibili 
suspended in water, is deeomj>osed on boding, uilb the s(‘j>aralmn of 
silver, the liberation of sulphur dioxide and Uie formation ot sodium— 
or silver sulfdiati'. 

11. A hifdfoehhnic ncid f-lanm>n.s chlondc xdidioii jiioduees after a sliuiL 
time a yellvic pu ripdnU of .dtinmc -^idjdiide. ‘ 

12 . If an aipieous alkali sul]iliit<; solution (if neeessai) altd exml 
iieutraliaation vvitii aeidic aeid, or after tlic addition of sodium iivdiogdi 
carbonate'* until no longer aeid) is added to a relalivcl) laige nyantity ol 
zinc fndjdudc fmhdion, mixed with veiy little -sodwin ndmpnis.^idt, a icd 
coloration will apjH'ar if the cjuantity of the suljdiiti' is not too small; il. 
on the other liand, the quantity is very small, thdc is no eolmation. but 
this is immediately pioilm iKl if a solution of jiolu.-^atinii fenvei/amde is added. 
In the case of not too small quantities, the addition of jiotassium fdn>- 
eyaiiide produei's a ]ni 4 )li‘-rcd })iedj)ilah‘ (Hodeekei). Alkali thio¬ 
sulphates do not give the real tion, but then presene<“ inlluenees its sensitive¬ 
ness (Auteurictli and Windaus, /d/sr/i. <tn(d. Chem., 37, 20(b- 

13. Netdral /mdjihiles (not hydiogen sulphites or five suli'liur dioxide, 

* All these rcihiction reactions are only distinctive for siiI|>lmronH add m 
the absence of other leduiiiig suhstarid's. In iiaiticular the jncseiice ol Ibe 
ions of trivaleiit autimony or divali iit tin may lead to errors m tlie ease of fix' 
jnereuric reactions (l>olleubacli, Zeiti,<-h. nmd. (do in., 47, Iitl2). 

- 2 grins. W’lioat starch, 100 grms. water and 0*2 gun. jiotassium iodale. 

^ Of. See. 87, 5. 

‘ An excess of sodium hydrogen carbonate ilotvs not matter. On the otliei 
hand, the presence of sodium caibouatc or sodium hydroxide prevents a reaction- 
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,;„ ,>wh,g to ll.o lorniatiou of aldol.^Oo sulplHo'n^" 

alUl, must l,« nmitfaliscl with carbon clioxalc licfo,,. it ,s aci ' t \‘r 
.iMslMll KolutioTi. Thiosulphates, a,., (ri-, ami Letnf l„ ,‘ 1 ^” ^ “ 

jufxlucc thiH ci Jictnjii. Oti the (itlirr ii-uitl it i • i i i 
i.>...ogcu suipim.es). These mult 

III e.iilmiuiii .salts (Votoei'k, /,'</■., 40 , lit). ^ 

Jl. SulphKes, like .sulphates, are „;tnad l„ .,d,,h,.l<-, wuk 

,u,l,lima,,h„„„h e«e/„,„„u/,„,/,e/,fo„7upe/h„„.e. (.See .See, tu.-, i,,)’ 

]■'• "’‘H* ‘u tlie iiueio-eheiim.U iletectiuu of sulphmo'u.s acid, 

if. Delude;-, [lha/m. A( nhaUtulU, 33, US (ISU2)). 
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lliiosulphunc acid, li> iMisulj.lnnuuh 

ion, S A}".,). 


ai.KJ, Jl , 


'j' ^ iJiiasuiplii 


I. //imodp,does uol e.Mslmtlu.fieecouditiou. lUsoluUons 
ileiorapose Wit , tl.c- sejiaialmu ot sulphur and the touuatkm of 

su phuious aeid f'he .„/l. ot lluosulphune aeid, (he. tiuosuiph.atos (hvpo- 
su ph,tes) aie for the eieide, part soluble m wate, ; (he msuluhl,. .^tlts 
uU-u lorin .soluble double sails udh soduuu lluosulphale. Iheeipdatcs 
obtained by means ol .sodium thiosulphate ofteu become .soluble aen.m, 
thcleloie, m ail e\,ess of the pieelpitaill. The soIlKious ol most Thio- 
.sillphales mat be boded uilhout deeo,u|.osilLou (ol (liev olll^ decompose 
• dlel heme boded lor some time) ; ealeuuu Ihlosulpliale is deeoiuposed, on 
boding, mio ealemui sulplute and sulphur. The I hiosidph.iles ol heavy 
metals olteu lol Ml metal sulphides ou lioduie .\ll,ah tlliosulpliati’S decom¬ 
pose n.iieii heated m (he ab.se,lee of air, mto water, stdphui and litdrogeii 
sulphide, which escajie, and mto a mi.vtiirc ,d sididiide and sulphate, uliich 
J'in.im. 


d. It .'.Ii/pliiinr 111-1,1 or mm/ is added to ,r soluliou of thio- 

sidjih.ite, (hi- hipiid at liist leiiiaiiis clear and odourless, but .soon (the more 
coiieeiitiated and waiiii the solution is, the sooner this will take place) 
bi'eomes iiioic and mole /«,/,«/, mem;/ l„ Ih, n-hu-h i« ,v 

ahdst at the same tune the „i i/wu.le becomes noticeable. ' 

■i. sS'i/oi iHlHil,- produces a irhil,- „f .s, 

■'g.e's.Oj, which IS soluble 1,1 ail e.vee.ss ol (he tluosidphate solid..anil 

'liter a while (at once, if healed) l„,hl,„-k (distinction from suljihito loii 
bodiiar, a„„l. /'/am, 53, IIT), whilst (he precipitate deeom|K,ses 

mto • .sa/p/m/, and sulpliuiie aeid.' ,Soduuu tinosulphale, solution 

dissolves silver ehloiide. (In the addition ot an acid, the solution at 


‘ With regaid lo ds beh.iviour towards the solutions of 
'''Itiviihc shoul.l be in.wJo lo l,h<i seclions (liMlinc with the 
■*« also to I’ait II., (.'Imps, ill , i\'. 


ollu'i- lieavy metals, 
leai lioJi.s of cations, 
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liist ifriiain.s clear, bul laU'r (imnieJiately, if liealecl) silver sulphide 
scpatalcH. 

1. Jidriiuti lit/ondc i)n»/iit'i s a firccipifulc, snluhlc itj laigc 
of waU f ((‘Specially liot waler), wliieli is ilcconij>()sed by liyclioelilonc acid. 

5. ><hoi>ftKtii chfoiulr docs not precipitate Uiiosuipluitcs. (Distinction 
fioin sulpliit(“s.) 

6. Fn/iC r/tlomlr gives a mhh^li-riold atlouilion to solutions of alkali 
l.hiosul])liatcs. (Distinction fioin alkali sulphites.) d’ho colour dlsapp(‘al^ 
oil standing (rapidly, vvluai heated), vvitli the reduction of the fenie loii to 
fi'irou.'i'ion. 

7. ili/ontofi .siiliitudi IS inhicul at once by thiosulphates to a 
rinoinif salt snlutiiui ; eliromate solutions, if u<>l a>:uliju'<(, (am 6/oi/v/, 

and when heated \ icid a luoini piceijiitalc («•/. Sec. lUl. 1). 

8. .1 solulioa (ij Kxhnc and sla/rlt and an acidifud soluluui ol 
p< nnaiajaaalc an' munediately dcadortsvd. 

0. Chloriia and oxidisi’ thiosuljihatc ion io ■''idida((( ion , lodiiu^ 

also oxidises thiosiiljihale ion to sulphate ion in alkaline solution. ()ii 
the other hand, in acid solutions oi' those ((mtaiiimg alkali h>drogeii 
carbonate, it oxidisi s it to ((imilnnnatv. ion. (‘onseipieiitly thiosulj»half‘ 
solutions oxidised liy ehloiine and bioinine, but not by jodnu* iii tlie 
pres(‘iiee of acid or alkali liydiogi ii carbonate (disliiietioii fioiii .sulplut<‘s), 
jield ])r('eipitates with barium ehhuide in acid solution. The, oxidation !«> 
tetrathionate ion lakes place w ithout the foi mati(.)ii of free acid : 

liSutt";, , 1 21' 

for example, 2Xa_.SjOj ; L Na._,S^()„ 1 2Nal 

(Distinetioii fiuiii sulpliites, in the oxidation of which fiee acid is foimed : 

SD";i ! ILD ; 1 . 1 2(JI- j 1') 

for example, NudSttj , | [ 2I1L 

10. I'hiusuljihates behave towaids or (dnininlnnt and lnjdt^n'hloric 
acid like the sulphites. It treated with potassium or sodium hydroxide and 
aluminium, lliiosnipliates yndd sulphides of the alkali metals (de Koinm k). 
(Uiatmctiuiv from suljriuti'S.) Sodium amalgam reduces thio.suipbak-s b> 
Bulphidcs. (Distiiietioii fioni sulphites. Arnold and Ment/el, /anheh. 
Unlu/snrh. Sain., 6, 550.) <hi heating sodium Ihiosulpliate soluluui vvitli 
finely divided metals, metal sulpiudes and sodium sulphite aio foinn'd 
(F. Faktor, ('lain. Zinir.y 1005, I., 1.521). 

11. If lhio.sulpliate is heated with potassium cyanide, sulphite ion and 
thiocyanate ion aie formed, S._. 0"3 ; CN'—SD'^a 1 (Ji!^S' (Feehmann and 
Maiiek, Ho., 28, 2370). In solution, a eonelusioii can be drawn from llu' 
reaction of the thioeyanale with feriu: chloride as to whether thiosulpliate 
was originally presiuit. (Distinction fiom sulphites, (jutmann, Zcil'fcli. 
anal. (Jheiii., 46,400.) 

12. Thiosuljiliate .solutions give an intense blue coloration with sodniiu 
nitroprussidc solution, which has been (‘xposed to air and light until it 
turns brown, or which has been treated with 1 or 2 drops of potassium 
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frnioyaniclcan.l I or 2 .IroiKs of sodium liydroxido solid loo, uliicli rolomliou 
1 ,,-romcB cotisidoralily moro iiitciiso oii standino, on licidm<.Mmd on tln- 
adddion of a little iiotassinm fen-oeyanido. (Distinction fiom snl|iliites 
and tetratliionafps. dasolari, (’Ik in. /ji-nlr.. Kill, J., 727.) 

Id. A solution of tliiosnl|iliate mixed will, an eiiiial volimie of 10 per 
Mill, aimnoniiim molylidale solution and liealcd will, l•nlu■entlaled 
Siilpliiirir arid in siieli a way, that (lie liquids do nol niiv, slams a liliie riiift 
at the |ioiiit of contacl. {'I’liis is a very siaisitue leaclioii. hut is only 
distinetive in the abseme of oilier rediieiiie siihslanees Ko/zi 1 -lseot 
t7a/»./r»/r., Kll:i, 1 1 , 8:i ) . 

14. Will] reeard to the iiiirriii-h niirnl ilihrlinn of Iliiosiilphui le ai'id. see 

ITuys(‘. Znhrh. (IikiL ('hun , 39, 11. 

If a\ki\U siilphilcs iind thiosu!|>lial.‘s arc {<> ],o. (U l.clotl in liin im-sciirr 
r>l alkiili siil|.lii<U\ as is often tho(“as(% zinc Mil|>]i;itc solution is litsf adilcil to 
till' solution until tli(‘ snl|)ln<!c is (li'coniiio^fMl ; tin* zinc snlpluck* is then 
till»‘r('(l oil, and jiarl of 1 lie lilt rate t est <'<1 foi I liiosul|>Iiato ion 1)\ t lie aildilion 
ol liydi’oeliloiie acid, or with aluinimiiin to winch ]>otassiuin h\<!ioxide haa 
liccn added; another ])ait of the liltiali' is lestfsl ior sul|ihi1c ion with 
■'iHhinn nit rojti nssi<|(‘, or, hettir (as the latter i(‘a<lion is udlueiKSMl 

hy t.li<“ Jiresence of thiosiiI|diates), with stroidinni chlotide. l-'or other 
methods of < let eel sulphates, sulphides, sulphites and I hjosul|>lial<‘s in tin* 
jiresence of each olht-i, see Zm/v7/ an/iJ. < hn/i.. 11)1 ; ?6a/.,46. IIHI, aiul 
48, dl. and also l'’cld. ^!/ii m. Z( lift . I SitS. 1 1 . S70 ; A\'eslon, ih/d.. 1 '.Htt, I , 
;{7ih 

Sko. 104. 

3. Iodic acid, JIMh; (toil.He ion, Ifi'.f). 

1. Jtii/ir lieu/ forms colouiless, rhoinlue er\sta]s, and its (i/ifn/iliul<\ 
I..O 5 , ism erystalline, white jiowder. Botli dissolve readily in walei. and at 
a moih'i’nte heat deeoin])ose into iodine va|)oui', 'i\_\;^eM and. in liie eas(‘ of 
the acid, watei. lodie a 4 'id is a very stion^ mid. ami is < onsi<h-rably 
<hssoeiale<l in aipieoiis s<ilnl ion. IV'ith n yaid to the dissocialKui tonslants. 
A' O'lb at 15", rf, the leinaiLs in Ahecu's lfatnlh/iih. 4. 2, TiO;!, 

2. 'I'Ih* .sa//s inflates are deconijiosetl on i,unitii*n edhi i into o.\y<;en 
and iodide, or into iodine, ovyeen and imlallic o\idc; oiil\ (he alkali 
lodatcH ar(‘ easily solnhh' in water. 

d. Ihtnunt rhlcridr ])r(‘eipitat(‘S while hat’i/iiii nubile. I>a(l(>.t).j (soluble 
in nitric acid), from solutiims of alkali lodates. 

4. .S7//vr iiilnile preeipitab's irlnle erauular-eryslalhne .sdo r nub/lf, 

which ilissolves readily in ainnionia solution, but only to a slij^ht 
degree in mtiie acid. 

5. FaiiiI arebib precipitates irhife lead iodaie, J^I)(T() 3 ) 2 , which is .scarcely 
soluble in watcT, and dissolves with dillleulty in nitric acid. 

0 . Uydriufoi sulphide j^reeipitati's lod'iuf from a solution of iodic acid 
ii'ilh the sintvllancou-'^ Mpandiini nj ^otlfdiur ; the iodine then dissolves in tlic 
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liydiKniio acid formed on the addition of more li)droji(‘n sulphide. The 
li<juid is deculorised on the addition of liydrogen sulpludo in exce.ss» with tlic 
further se]>jiration of sulphur, whilst tiu' iodine is t'ornplftrlif eonv(‘i ted inU) 
iodine ion. lodates ari' also deconijiosed hy hydiogen suljdiidi*. 

7. Snlplinr ilia.mlr ])reci])ilates imlDic, wliuh is converted into iodine 
ion in the j)i(\seMCe of nil excess of sulphur dioxide. 

8. \ hoiiing saturated solution of ikxiIic <iru/ c.rprjs nil ■iotlnic fiom 

iodates. 

9. P/i<>.^pho7')i‘^y hotli eolourh'sa an<l red (the lalti'r lieing ])ailieulaily 
active), mhirr.s iodie acid and iodates, evi'ii in veiy dilute solutions, with 
the foimation of ])hosphafe ion and tlie scpurntio)) of iinhiiE (Polni i i), 

10. .^fa^y othe?' rnhiriitii Hijiv/s ai-t m tlx' same way as tliosc alrixadv 

mentioned. 'I’hus, hiidnv.uo sc/Z/.v {not fn‘<‘ hydiazine), pho.'^phoious and 
fii/]>opho,spJio7i'ii.s finds eaus<* a se])ai at ion of ukIiikn evi'ii m tlie cold 
(Ihstinction fiom hiomates. whuh arc only decom])oscel on liealmg. and 
from ehloraU'sd which an* not rediKcil at all.} \'itali, (linn. Zfiili., IS'.t'.l, 
T., I08'{. '(’o d(‘le< t lodu- a< id in nitru ai-id, lh<‘ Iatt<‘r is jueh iahlx diluted 

w itii ahoul 2 voliinu's of watei . a lit ( ie c.ii hou Insulpliide or ehloiohu in and 
a dro]) of an n(|Ueous solution ol su[]>hnr dioMih' adiled. and I h<‘ whole 
shaken. If iodie neid is po-sent, the earhon hisiilphide or the cliloiofoim 
will turn \ iolet. owing to tlu* liheiateil io<hue heiug ahsoihed. An exei'ss 
of sulphur dioxiih' must, of eouise. he a\oided. 

11. On the Ignition of lothdes on ehari-oal iK'fori' the hhorpipE, r.-qiloAn 
fn.<710)1 takes ]ihiee. 

Second Division. 

of l/ic fir.'^l r/ro?fp of uiorpmnc and';. 

Si:r. lO.o. 

Sulphuric acid, lUSO.) (Stdphale ion iStl", and llvdroeen .snl]dia,ti' 
ion, IlSO'i). 

1. SnJpJnn ic anil a! tlie. ordinary 1 einpcral ure is an odv. colour- 
Jess liijuid, which, on cooling, solidiiii'.s info hexagonal cryslnls. 
Comim*reia.l “ coiiccnl rated sulpluirx' acid" (si'o ])]> 18 and llo) 
contains a lilth' water, and tlnn-efore does nof. corres])()iid exactly 
to the formula lloSO.,. S/dj/hunn aiihyihidv, (sulphur trioxido), 
S0;j, consists generally of a fea.lhery-ciysfjillim*, wliifi' mass, whicli 
fumes when exjiosed to the air. ]>olh earhonise organic, .suhstances. 
They oomhine with water in all proportions, .showing a considiwahlc 
incr<‘aso of tonipcnalure- the anhydride iiis.ses. If, therefore, con¬ 
centrated sulpiiurie acid is to Ix^ diluted, it must- bo yradnalbf jioiiri'd 
info the, watiw, and wafer musi never he added to eaneentrafed .salphur>e 

* According t,o.Schlot(or(^/#ftsr/o nnorq. Chem., 38,184), chlorates are reduced 
by hydrazine sulphate on continued boiling. 
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„ri(l. Sulphuric acid is a very stron,ir acid. Us dissociation takes 
place in two corresponding to the processes: IIoS04^K- 

d tTS04 and I SO/d In more dilnt(‘ solutions snlpliilrit^ 

.icid is as ;^ri'atlv disso<-i.ite4l as otlier strona, acids. 

2. The neiilial siilpliiiric acid salts, sulpha,t(‘s, are, willi the 
.■\replion of haiiiini, stroutiiini, calcium aid lead suljihales, easily 
-oiuhle m water. The basic sul|)hales of lieiu'v metals, winch are 
Disoliilile in \vat<u‘, ail dissolve in lixalrochlora' acid or nitric, acid. 
Sulphates are mostly colourlc.ss or white. The alkali suljiliates 
and alkaline earth sulphates will resist moderate ignition, hut are 
more or less easdy decomposed at a very hi,uli temporatuie Of the 
icitiaimnu sulpliates, many remain umleeomposed on moderate 
ijiiilion, whereas this decomposivs olliers. 

• I. 63,riuin cliloridB pi‘odiic(*s in xoltifioHs Kidjihdii' lov, 

even when <‘\lremely dilute, a Jidchj indvvndi'uf, //cocy, iHntv ptc- 
i-ipildtr 1 sfflphfttc, lia,S0(, scarcely soluMe iu dilute livdro- 

I lilorii' ami nitric^ acids. H is only ju'ecipilatcd from very <hlute 
!i(jiiids after ionii standina. Concentrated acids and coueen! rated 
.M>lulious of many salts intlucnci^, and a. cm'lain cxee^^s of l)arinm 
<]iIoiide increases, the sensitivem-ss of the laaulion. {('/'. the notes 
at the end of this section) Ihiiium sidphafi' is s(duhle m coiuam- 
Iralcd sulphuric achl. Tt, sc])arales auain oii dilution with water. 

I. S(n>filiui)i, cldoridti (or nitrate) yields a irl/ifc put ipilnir of 
slfo'itlhcin sidphafr, (distinction from thiosulphate ion), 

whuh is somewhat more easily solubh^ m a<uds than is barium 
siilpliale. 

.*>. Lfad acetate ])recipital('s lt<id sulplidle, PhSOj, a.s a hravij, 
ptreipddfr, uliieh scarcidy dissolves in water or dilute sulphiirie 
acid, stall less in alcohol, (hssoIv(‘s witii difliciilfy m dilute nitiiii acid, 
and is comjdidely soluhle in hot coiicmit rat ('<1 hydroeliloric acid, 
ft IS dissolv<‘d by hot solulums of ammonium aaa'talc <*r .immoimiui 
tartrate. 

h. Mrreurw iirchdv and morxnr nilrah’ \ ield a pfHow piYetpilidr 
'•f hftsie dicrcunc stdpJiahi (tnr[)et]i mineral), KeS04.2lIg0, m 
solutions containing sidphale ion. The reaction takes jilaia*. im- 
uiedialelv on huiliny, hut less rapidly when cold. FFalo^en salts 
have a disluihino inllmmce, as the precipitat<‘ dissolves in solutions 
foiitainin^ them. The tTeatmont of insoluble sulplmtes with 

* A whole aorics of communications deal with the properties of the j)re* 
rii)itate, its solahility uniler van<iiis comlilions, the aimnlt.an<‘<)us removal of 
etluT salts on precipitation, etc., which will 1)(» discussed more fully m oonneetion 
witli quantitative analysid. 
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mercuric accta1<‘ or TiilraO* solulinns als<) ptodiirt's a y<‘lIo\v pr<‘,- 
cipitaio. Tlie rcaclion is also suita]>]«‘ for inicrochcniicnl <lojcction. 
(I)cnij^cs, ('hi’iii 'Ai'ulr., 1918, \ . 771 ) 

7 . solu/un/ of hcK'.idntc in li/i<lror//fiiilr find {iroduccs w 

Vfnlrdl (itiil anti sohfli/>ns of .siif pjinh's a niisltillnir. ‘irlnff pron inl<tli' 
of hnr.iihnr sulpliair, wliiili is scans'lv soluMi' in walcr. Aculs. 
f(‘rric salts, i^rccn clironiic sails and clirouiaO* ion inlhu'nci' Ihc 
reaction^ The n^aclion is sensitive, Init only in(liciHiv(‘ of sidplialt' 
ion \'fhon other {inions w liich an' sparin<fly soluble an<l yield benzidnc' 
salts, <'I/, those, of h\<li()lluorir, acid or silicoh\drofluone arid 
(Khrenfcld, Zvli., 29. 122) are, not present. 

8 . Tlu^ sniphali's of tin' alk.dine (‘arth nn'tals, insolnhh^ in ^valrr 
and acids. \ i(‘id alkali sid]»hal(‘s and alkaline (anlh carbonates <tn 
fusion with alkali carbonates; on similar treatinent h'ad siilj)hatr 
yi<dds h'ad oxid*' as well as alkali sniphat(‘. On digestion or boilin- 
with concent rat «‘d solutions of alkali carbonates, tin* suljihates oi 
alkaliin'.earl h metals and of h'ail are converted into insoluble carbonate 
and solnbh' alkali suli)hat('. Tn 1 he cas(‘of l)ariuin snl])hal<'. iiow- 
('.ver, r(‘p(‘ated boilinii: with fr<‘sh solution is ni'cessary lor lonipletr 
decomposition. 

it. If Kulphaff’.'^ an' fased with SOdium carbonate on chai< oal in 
the inner fdoivjiipc jlamr. or are heate'd on c/i(i)Co(il .s‘^n7.s (p. 88) in 
the lower reduction tlainc, (he sulphat e is r('diic('d and sodium siiiplndr 
is fonned, \\ hich can be recoaiiised liv I In* odour of hydrogen sulphide 
if the fused mass, tomollier with the piei'e of cliarc.oal into wlii'li 
it. has pi'iiotrated. is mois(('ne<l and a little acid added. If tlir 
nioistenimj with water takes plae(' on a, bright silver sitrfa.c<'i (a 
polisln'd coin), a lihick si)ot, of silver sulpliide immediafi'ly apiiears 
(which, however, is only distinctive in tin* ahsrm-e of t<‘lliirium and 
si'lciiium eomjioiiiHls). As {In^ yns jlame eoiit aiiis sulphur com]ioiin<ls. 
the fusion tests in question must, he carried out wit h tlic ani ol candles 
or oi! lamps. 

10. With regard to the iniororhen/iral dfleclion of std]>hate ion, 
see Ifaiisliofcr, ]>. 115; liclircns-Klev, Mih-ochnnische Anahj^i'. 
3rd cd., ]). 1G8 ; Deniges, ('hnn. Zrntr., 1918, 1., 771. 

almost all anions, sulpliato ion is the easiest I" 
recognise, owing to its characferistic, and exceedingly sensitive 
reaction with barium salts. Care must b<! taken jiot to mistake 
proe.i])itall's of barium (‘bloride, and ('specially of barium nitrate. 

1 Of. V. Knorre, Zeilxch. ami. Ohein.y 49, 4t»tt 
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\vlii<’h ar«‘ piodiK r«l \vlu*n iujiicous solulions of iIk'.sc* sails an* mixed 
willi li(jnids conlainiiij^f nnich free liydroclilorie acid or nitric; acid, for 
])ariiini siilj)liat(‘. Tliost* prcM-ipilalc's (difTcriMLr from haiiiim stilplialc; 
in llic’ir crystalline' clinracicr) disapprar inimc'diafclv' on dilnlion of 
tlic“ acid licpiid witli watc'r, and arc; llicn'cdorc' verv easy lo disiinL^iiish 
from Icnrinm sulpliaUc 

Tlio lial)it slioidd 1)0. formed in ic'sliny for sulphate; ion with 
hariiim eldoride* to dilute the' liepud suOiciemtly ; a. liltlc hvdro- 
ililone', ac id should also he* adehsl, ns this counteracts the* detri- 
jicntal influe'uce; of manv salts, r.//. alhali eatiate's, and when v<*rv 
small (plautitie^s of sulphuric aciel are* to he*, eh'tocle'd, the*, liipiid should 
))(• allowi'd to stand lor scvcTal hours in a. moelei.ite-lv warm ))lac(\ 
afirr the aeldil ioi\ of a snflicie*nt e'xcess of hariiim clih.eride'. The trace* 
ol hariiim sulphate which has formed will have* suhside.'d. Jf there; 
IS jinv ehniht as to the* nature of the* ])re‘cipitate‘ loiiiK'd hy harium 
( liloiieh* III the pH'seiici* of frea hydroeliloii<-. ae id. a. I<‘sl ace-oidiny tel 
will elelermim* th(‘ ])oiMt. ff small i|uanlili(‘s of sulplnde ion are* 
to he det('(.l(‘d with hariiim chloride m liepiids wliieli eontain nuieh 
free livdioe-hloi le* ae-id or mtiie aeid, the yn'ate'r pail of (he* fre*e acid 
.-lioiild llrsl he* reiimve'el hv e‘\aporatlem or ley neiilralisatiem with an 
alkali hydreexidc. Fre'c sulphiiiie* ae-iel is detccle'ej in the* pre*sence of 
stilplialess hv re'diicin^ the* liejmel uneh'r e'xainination with a little* 
e <ine' siiyar. aiiel drvine it in a porcedain dish a.i 1(M) If fn'e* snljiliurie* 
ae lel is pre*se*n(, there* will lie a hlack, or in the* ea.se* of veuy small 
cjiiant it ICS, a, hlae-kisliyreen residue* ()tlie‘r fr<*e; ae ids do not dccom- 
]>e)S<* cane* siiyar in this way. The* re'action e-analso he- earrie'd out. hy 
aelelin;.^a vi*ry small epia tit ity of e-.ine* siiyar, about. O '1 te» () ‘> ])<‘r ce'iit 
lo the* liepiid aud then dippini; a stri|) eif (ilte*r ]si.])e‘r, .‘>t) !<• 10 cm. 
leetiL', into it Afle*r 2! iunirs the* ship ot jiapi*!* is drie'd and he-ale-d 
at |no If fre'e* siilphurie^ ae.iel is jire-se-nt, tin* pape*r will have* he*< emu* 
hrowm to hlaedv at the* iippe'r edye of (Im* me)is(ened poi I mui anel edteii 
'inile hril I |e; (Ne'ssh'r) 

Appendix. 

'I'Im; re'aelions for siil]>ha(e*s are; also ohtained with solutions of 
persulphates, as llu'se de'comjiose* in solution into sulpluite-s, siiljehuric 
aciel and water, rcrsuljifnnie acid has the formula ]ecr- 

suljihato ion *S 20 "s* 

(k)ld freshly pre*]>are'd solutions of potassium or ammonium 
pe'Csiilphate* do not. ^ive* an imme*dia.1e pre*ci])itatieui with hartnin 
cMorale, hut- harium salpkah' is jirceapil alod on standing for some time. 
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and at once on boiling, Persulphates can bo recognised as siuh 
by their oxidising action. Thus, ptTsnlpliato libemU's iodive fnna 
7 imtral solution.^ of potassium udide. (DisHnetion from p(‘rl)orii((‘ 
and pcrcarboiiiilc, whicli only fwo tlic rcai'lion on (he addilion of 
sniphuric acid.) ^foin/tn/ons^ vickclou-'^^ ;ind cohullons sails cniisi' 
direct ])recipita1 ion of higher oxides ; on ili-e other hand, persulplmtes 
do not decolorise perntatajinialc sidahotis, or only to a slight extent, 
and do not give the blue coloration with folassiam dichromatv nml 
vfhrr. , (Dislinctiojj fiom perborate and ]>erearbonute.) Jf a O'b per 
cent, alcoholh* solaf.ion of hcnzuln/r is pounsl upon a solution cojitain- 
ing persulphate ion, an intinso hluv prcvipitalc is formed at tli(‘ point, 
of contact, ami beneath it a luow ii zone. This is a very sensitivi^ 
reaction. (Distinction from chlorates, percldorates, iodates, ni1rat(‘s, 
perborat<*s, and ])ercarbonat(!s.) IVriodates show only a brownish- 
red ring, and <lo not give a, blue ])rei ipitate (lMonni<'r, ('livin. Zenfr , 

UH7, I., (iltl). 

A ()‘2 ])er c<‘nt. nndhyhme blue solution gives a ]>inl<ish violet 
precipitate with alkali ])(‘rsui})hat(‘s (very simsitive reaction). 
(Distinction from pmclilorates, which give a vioh't precipitalt\ and 
from chlorates, io<lat<‘S and periodates. .Monnier, i'lirai. Zrnir , 
litl7, J., Cf. also W. Lenz and K. Uiehlcr. Zt ilsch. nan/, f 7/c/e . 

50, r>.‘>7 ; E. II. Uiescnfeld and W. Man, lier.y 44, 358!).) 

Hk(\ lot;. 

Silicohydrofluoric acid, HsI^iEr, (Siliei/tluoride ion, SiE"(i). 

1. Silirohi/drojhtonc arid is oidy known in acpieoiis solution. The 
solution IS a strongly aeid liipiid, which, when evaj/ovated in iilfttinum, 
volatilises completely as siIkoii (luoride and hydrogen lluondi‘. When it 
IS evajM'/raO'd in glass, lli<‘ latter i.s corroded, 'the arid forms witli hasi'S 
water an<l silii'Otiuorides, wtjuli au' fr>r tin* gr<‘atrr j/art soluble' in water, 
turn litmus red. and, on ignition, de-eomposi' into metal fluoride and silieon 
tluoride. An excess of strong l/ases deromposes tlie silieohydrolluoiie and. 
with tlie foimation of lluorides and siln ie ae id, or silicates. Silicoliydio- 
fluoric acid is eonsieh'rablv dissociated, aceonling to thes ivsult of con¬ 
ductivity measurements, in aepieous solution, and is consequently a 
comparatively strong a<*id. 

2. Silieohydre/fluorie aeiel heeemie.s crystalline by tlur action of hnniuii 
chloride. (Sec. 34, (i.) 

3. This is not tlie ease* witli strontium chloride. 

4. ft yields a wliite' ])reeijii(ale on the^ addition of an excess of lead 
acetates 

5. Polassinrn sall‘t precipitate transparent gelalinems 2 )o(assium sdica- 
Jluoridet K.^SiEg. 
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SEC. I''7 

(i, Tkiinvm mlmli produces a wliiliC precipitate. 

7 \n e\<'css of ammonia precipitates .si/iVir, mid, witli tile, formation of 
nifini'iiiinm lltiondr (citric aciil inlliicnccs nr prevents sneli lirecipitatiori. 
Ilu, Iiv anil 'I’oiissiiint, Chrm. Zcnir., ItldO, If., |(|8.">), 

S. If silicolliioiiiles aic lieateil wifi, cncmtintcil xiilphnrir. arid, 
|,y,li..ccii llnoncic mill silicon lluoiide escafii-, forming strong fiinies in file 
an , il dll' test is made in a |)lalinnm vessel eovered will, j/|ass, the tdasa 

eel. hill (See. I H. li), anil the residue eonfains I lie eorrespondme sill plia les. 

Tlie va|iiiiiis, when in eontaet wilh water or aiiiiiionia, vield a deposit of 
Sill. 1 C acid (See*. Ill, 7). 

Third Division. 

O/ (he Jirst (/loup of 'ni,or<j(i)nc (kkU. 

Skc. 107. 

fa) Phosphoric acid, (I'hosidiafc ion, monoltydrooon 

|lll(^sph;^(■(' ion, in'()''^ 4 , (lilivdroyon i>Iios[tIijil(‘ ion, 11.,IM)".,). 

The* oiflinary so-calK'ci wlutt^ ^jil/osphonff; is a colourless, masisv- 
li.okiMji, trans|)anMi(i, soIkI suli.-'lajK-c of sp. 1 8;>, wliidi is insoluli!<‘ 
III \\'al<‘r, dissulvi's sliyhtly in alcoliol and cflirr, and (‘asil\' in (‘ai'hon 
lusiilpliido. Taken ndfunallv il is <‘Xl nanidv poisonous; il ini'lls at 
lOd'k l)oils at 200'. ))iit vohitiliM^s (o a sli«flili extent <‘v<‘n on di.stilla- 

1 ion with watiT. l*lios])horiis k(‘])t nnd<'-r water iirst, hecoines yellow, 
owiii},^ to tlie. action of liyht, then rod, and tinally Ihs-oiik^s covi'red 
uitli a wliil(‘ coat ini;. 

If ])hosj>lioriis conics into contact witli tlio air at tlic ordinary 
l''ni)icratnr<*, it 4‘niits a <|uit*‘ charaetcristin and very unplf'asanl 
"dour, and fornis stroni; I'limcs, wliich arc hiniinous in tin* dark. 
These ai;t* formed liy the oxidation of phosphonis va])our and <'onsist 
cl jdiospiiorns pmdoxide, ])liosp]iorns t rioxid(‘, a.nd phosphorus 
vapmir If t In* air is moist, ozone, hydroy«‘n p(*roxid<‘ and ammonium 
ni(Ml(‘ are simiiltaneonsly foinied. PJiosjihonis is very mllammahle, 
!iiid hums wit h a liiniinoiis llam<‘ to phosphorus jientoxide, the greater 
I'liit of which spieads in the air as a white cloud, ^^y Ion*; (exposure 
to the lichl, or more rapidly hy continuous healin;; at 2 . 00 ' in a 
vaeinun, ]>hosp]iorus changes into the red, so-calh‘d aniorjilious 
pho.sphoriis. 

When in tJjis condition, it does not change in tlie air, is not 
hiniinous, is far less inflammable, i.s not poisonous, has a sp. gr. of 

2 !, and doe.s not dissolve in carbon bisulpliide. 

Nitnc a.nd aqua rcffia dissolves white jiliosphoriis eomjiara- 
'ivdy easily on heating. The solutions at- first contain ions of jihos- 
Jilioiif; a(;id as W(dl «as those of phosphorous acid. ]{//<l/orhlonc and 
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(Iocs jiol dissolve ]di(»s|)horus. On boiliiio ii, wiUi polujisiuvi or 
sof/hnn Ji)fdr(>xi</(\ or willi inilko/limCy liypophospliitos and phosphates 
an' produced, w liilsl hydrogen )>hos])]iide, which es spoidanoouslv, 
<*s(“aj)(‘s. If a siiLslanc«‘ conlaininj^ wliil(‘ ])liosphonis is placed at 
llie. )K) 1 loni of a llask, and n. s<ri]> of j»ap(T inoislinied witli a solution 
of silvi-r nilralv. is hunj^ in I In' body of 1 he flask by means of a loosely- 
inserted cork, and tln-n heaksl at dO"’ to 40“^, tlm strip of paper will 
turn Idack, owing to tlu' reducing action of the jdiospliorus vapours, 
even wlicn tlu' (piantity of ])hosplioriis is exceedingly small. t)n 
l)oiling the blackened ]mrt of the pa])er in water, aft(‘r comph^tion 
of the reaction. ])rccipilaling the undecoJuposed portion of the silver 
nitrate willi hydroehlori(- acid, and then filtering tin* li(|uid and 
(‘va])ora(ing llie fdlrati' as conipletely as possible oti the water butli, 
])]ios]>hate ion will lx* (hdecled in tin* n'sidue l)y means of tin' reaetifins 
deserilx'd Ixdow (.1. Selieror). It should b(' not(‘d that silver nilrati' 
may b(' turned blaek also by liydrog<'n suljdiide, forniie aeid, and 
volatile ])roduets of ])nlrefaet ion. and that the (h'tec-tion of phosjdial 
ion in llu' strip of paper is only of valiu' if tin' ])ap<'r and the filler 
used for filtering the silv<‘r chloride w<‘re fret* from phosjihorn* aeid. 
Further ])articulars regarding the behaviour of ])hosphorus will lx* 
found in (diap. TT., Sec. 207, where the (h'teclion of phosphorus in 
forensie-cheinieal eases is drailt. with ; in particular, the plKUiomena. 
whirdi appear on boiling the solutions with dilute sulphuric acid, and 
on introducing them into a hydrogen generating ajijiarataLS charged 
with zinc and dilute sulphuric aeid are. ther(‘ discussed. 

Willi n'gard to processes devised specially for the detection ot 
white ])hospliorus in matches, of. F. Schroder, AiJ>n(. hats./tesiiiKlh. 
AiHf., 44. 1 ; Chf’ih. Zndr., lOld, F., 154(h 

2. Phos'jihorna pcvloxidr, ])hos])horic anhydride, IW,, in ih(‘ 
anliydroiis condition, is a whiO* mass, lik«'. snow, which <h'li<juesccs 
rapidly in llu' air, liisses on c.onlact. with waler, in which it is at 
first ]>artly, and gradually conijilelely soluble. 'rhr<‘c ])hosphoric 
acids correspond to the. pent oxide (and also three, kinds of salts), 
namely, orthophosiihoiir and, ir 3 H )4 (ion, Viy'\), pyrojdtasphonoacul, 
]J 4 Po (>7 (ion, Vjy"\) and nalaphosphorio acid (IIPO^)^ (ion (PO's)^)- 
Sin(;c only orthojdiospliates ar<‘ of common o<T.urrcncc in nat ure and 
in analytical work, wo dcscrilH* thesii only in detail, and deal more 
briefly with pyrophosphoric acid and mctaphosphoric acid in the 
appendix. 

Ofthophosphonr. aeid, II 3 PO 4 , eonsists of transjairent crystals, 
which deliijuesce rapidly in the air to a syrup-like, uon-corrosiv* 
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solution. On Jiratin^f, it is conv(*rtc<l, according' to lli <5 (luanfily oI 
water excelled, into pyro- or iiu“ta])liosp]ioii<'- arid : iMI^I’O.t 
H^I’uOy i-lJoO and Jl^l'O.j^-lIl’Oy 1 ILO. Oju^onfitmoiis lieatmu 
ill an open platinuin liasin, pliosjiliorie arid \olatilises (if it is j)iire) 
wil li ditlieulty, hut eoinpletcly, jm (lie form of wliite vapours. ()i I lio- 
jiJiosplioric. acid is tribasii-. It I licrefoie forms tlire{‘ m'i-U's of salts: 
]i<‘iitral (normal, tertiary), mono-acid (monoiiyclio^cm [dm^pliates, 
M'( ondarv), and di-aeid (dihydrogen pliosjiliates, piiiiiar\ ). 'I'lie 
dissociation ll-jPO^'^ll -l 1 loPO'.j ecnrc'sponds toanaeul of meclnim 
sfnm^^th, tJic“ secaind ![• ion is sc-arc-c‘l\ cli^soc•iatecl, and tlic' (lind is 
only s])lit oil' m tin* (.ase of a Iar;;c; (‘Xeess of OlT ions, licnncy in 
every solution c-ontainni}; orl lioplicjsjilioric- aeitl anions 
11 lM)'‘',j, and Hold >'4 are m ecpnhl'iium, w lic*rel)\ I lic‘ propeni mn cd I In; 
<pian(ity of the individual ions depends on (ln‘ eenn-enir.ition cd lln 5 
II' loiis. 'file ion ro"'^ is (In; weakest, and eonseijnenl I3 I In; soluhitily 
oi (Iici neutral or(hopIi(*spliates (In; smallest. 

1. Nculnil i>illi,oi>hosj^ili(ih’s (apart, fioin aininoiuum plios[diate) 
are not dc'cconposed on In'aliny; acid salts and aniinonnim nic'lal 
orl lio[diosplia I es aic* (on\ertc*c| into p\io- c>r niefapliospliatc's, c if. 
disodium 1)\ chosen pli<js[)liat(; into sodium p) loplio.-vpliate ; 
iuii^nc‘sium aninionium pliospliatc; into ma.iinc'siuni pyrophosphalcy 
:iAI”(NIIj)l’Oj I li^O l-NIl;^; monosodium ciili\droirim 

phosphate or sodium animomum hydrogen jiliosphate intci scnlium 
inelajdiosiiliate, ]Na(N 1 l,i)ll PO4 Na i'fl-j il:i'I the 

neutral orthcj[)liosphatc‘s only those; cd the alkali metals are soluble; 
in watc'i*. Thc'y undergo liydrolytie dissoc iation, and tliendorc; liav'c* 
an alkali.ue rcaiel loii towards indic ators.! If p\ 10- or iiielapInisplioiiG 
aeid salts are fused wdtli sodium carbonate, flic' mass mvarialily 
c-ojitauis orlhojilio.spliatc's only. 

b. Barium chloride prochn c's in c/c/acm/.s- sill 1(1 0/ IK i(f/i(l III' 

uuiiKi-itcul III/,nil phosphnlvs (dialkali nionoliv clrogc'ii pliosphaic‘s), liiif 
not 111 tin' solution of (In' di-ac id s.dts (monoaikali dili\chogen phos¬ 
phate's), a (cliilr /iicctpifa/r of hiuniiii liif(lioii< ii pltosplKih', JhilH’O^, 
or mntnil hnriuiii: plio«ph((U’, lhi;j(l’t),j)^^ which is soluble m liydro- 
elilcnic; and nilne aeids, but dissolve's with dillieulty in ammonium 
c-liloricle solution. 

0. Calcium sulphate, as also calcium chloride, prodiu i s / n soluiions 

* Ousodium hydroj^on jiliosjihatc; al.so iindorgees liydrolytie dissociation. Its 
iCcichou ia iieutial towards plicnolphtlialein, sliLditly alkaline (owaids lilmns, 
and strongly aikaliue towards iiiothyl-orange. Sodniin dilivdiugcti ]>hos|i)iale 
li'i.a an acid icaction towards iihenoJplithalcin and Iitinu.-^. and a luiitral reaction 
towards mctliyl-orange. 
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of neutral or niono-aeid idiosphates, but not in a solution of dibydro^ro 
phosphates or of the free ai-id, a while, prec/pitale of neutral calenmi 
phosphale, Ca;dl* 04 )o, or of calcium luplrofifn phosphate, (’jilil’O, 
d'^ll^O, which is rositp dissolveil hi/ acids, cren hij acellc acid, if it 
still amorphous. Ammonium chloride will also dissolve i1 then. 

7. Magnesium chloride or magnesium sulphate produces rnconeeii- 

Iratcd solutions of imnuMieid alladt phosphates (diulhah momhydi(>;.:cM 
j>hosphates), oftim after a lon^ tiimy a white piecipitale oj mm/nesiuie 
hf/drof/en phosphate, | TJloO ; if tlie liquid is boih'd, n 

precipitate is imnuHlialely formed of neutral imninesium phosjd/ah. 
Mgy([' 04 )o 1 71Ui). This hitler is also formed on the aihhtioii n| 
a magnesium salt to the solution of a neutral alkali pliusjihale. //. 
hoivcvcr, to free phvsphonc aeul or to a solution confarnnuj an alluh 
phosphate there is added magnesium chloride soluiiiin or ma'fnesmie 
sulphate solution {to wkwh so much ammonium chloride has hern addi'ih 
that OH the addition of ammonia- if remains clear), ami then animoniu 
'in excesisf there is formed, eirn in the ease if considerable dilution, a 
white, erijstalline precipitate of magnesium ammonium jdiosplmh 
Mg(Nll 4 )r() 4 -|hljA>j which rapidlg subsides, and n'lneh is seurcilij 
soluble in anummia solution and onlg shghtlg in ammonium, (hlomlr 
solution, but is easily dissohed by aei<is, even aeelie aeul. Tlir 
preci])itate often beeoiiu's visibh* only after sonu; time, but stirrin;.; 
assists its separation [tide supra, tSi'e. T7, 8). d'lie reaeliun is onl\ 
distinctive when no arsmiali' ion is presiuil (See. ‘JO, 8).- 

8. Silver nitrate prenpilaies fom the solutions oJ neutral and mono- 
acid alkali phosphates silver pluwphate, Ag 3 i* 04 , as a bright yellou 
precipitate, reuilily soluble in nitric aeid and m ammonia,solution. 
(Distinction fioiu p>ro- and me.ta])hosphatc ion.) If a iieuli.il 
phosphate was contained m the solution, the liquid, in which the 
precipitate is suspended, will give a neutral reaction; il a nioiio- 
uehl sail was in solution, the reaction will be aeul, owing to the 
liberation of nitric acid. 

(NaJllT)4 [ .‘h\gX(),3 .-Ag3l*U4-l-liAaNtt3 1 IlMljd 

If a considerable quantity of sodium acetate is first addeil to a 
phosphate solution wliuOi eontuins no, or very little, free aeul, ami 
then a drop f/ ferric chloride added, a yellowish-white tloceuleiit, 
gelatinous preeijiitate of Jerric phosphate, her 04 -j 2JJAJ, is lormed. 

^ This iiii.xturo ol iiiJi<'ii(-siuiii sail, with ajiunonium cliloride iiiid anniioiiia h 
also often used as a icuily-piepaied leageiil under the name of “ magnesci 
mixture.” 

2 Or the lous of scleuious or tollurous acids (8cc. Uo, 7 and UO, U). 
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(All excess of ferric chloride must be avouh'd, because the pr(?c,i|>itate 
is not insoluble in tlie red C(*in])lex ferric- acetate coinpouiul thus 
forfned) Tliis rcuction is important for tlie detection of ]»hospiiate 
ion in alhalinc earth 2 )hospliatos, but is only flistinctive when no 
arsenate ion is }>resen1, as tins behaves in a similar manner. If On; 
jj|ios]>liate ion is to be completely separated as ferric 2 )hospliat<“, 
sullicient ferric citloride should be added to turn the solution red ; 

It should tlien l*e boded (in which process all tlu^ feme ion will be 
|)rc< ipilate(l, pari ly as pliosplialc, part I v as b;isic acetate), and liU-cn^d 
\\hii<' hot. Alkaline <‘arth e]ilori(h‘ will now la^ contained in the 
Jillrate. If, with the aid of this reiMtion. plios2)hate ion is to be 
(k'ircird in tin* presence of miieli ferrn mn, the h\dni'hlorie. acid 
,^<i|iitioii is boiled with su/pliilc until deeo]oiis(Ml (reduction of 

I Ih! fei rie ion to frrrous ion), sodium earlmnaf <■ aihh-d until the Ik pud 
]s almost Jieiifial, tin'll sodium acetali‘,ainl, linally, a dioji ol ferric 
ejilonde soliilioii. (Tins ])ro«a'ss is f>ased on the hie-t tliat jerroua 
aci'lidv sdltihon does not <lissolv<‘. feriic pliospliale ) 

lo. If t! fete c.r of flic s-oluhon fd aminonium molybdate m mfne 
iu-«l [vf. p. Ill, See. 25, (T) are lutroiluei'-d into a t(wt-liibe, and. a 
>-niiill ijnuiddij of a neutral or acid li(pnd eontaniina oil liophosphate 
jon adde<l, (hne irtll be formed ut onee, or ojter i( re/// s/iorl Itt/ie //i the 
eobb d Ike ijuantitv of phosiihate ion is fairly eonsiderabie, a finehj 
imlrer/fle/tf, h/i/jht //eHoH' preeipd/de of /i/iii///>/i\ui/‘ phosphomolybdate, 
(NH^);jI' 0 .,{-MoU;{)i 2 + -^llAb ''vhwh <leposils on the sides and bottom 
of till' lube, lu ihe ease of exceedingly small ipiantitles ttf jihosphoric 
acid, e.ij. ()■(.)(I(HI2 ^rm., se\eral hours must be allow-d for llie reaclion, 
and the solut ion slight I v healed, Imt not abo\ e 10 . 1 he liijiiid over 

till' preeipitute apjieurs colourless (iii the aliseins' of other eolourinj.; 
snhstanees) afti'r comiilete separation of the precipitate. I lie above- 
nn'iilioned mellow jireeipitafe is only insoluble in dilute ai'ids in the 
presence id an excess of molybdie acid ; it should be noted liiat it is 
not formed by the addition of an excess of jihosjihale. Not- more 
ol (!i(‘ solution which is to he, tested for phosphoric- acid siiouhl, 
IlnTcfore. be usi'd tlian is eipial'lu a third of the molybdate solution, 
mill a iiien^ yellow coloration id the liipuil should not be taken as a 
react ion for iiliosjilial e ion. 1 [ydroehloric acid, when present in 
eujisiderahle (|iinii(itiiifluetiees or prevents the reai'Iioii. Jf' t'un 
easilv be removed bv evaporation with nitric acid; certain orj-anie, 
substances, such as tartaric, acid and reducing substances, also liavo a 
(listurbinj^ elfect on the reaction, and should, therefore, if necessary, 
be removed by fusion with .sodium carbonate and 2 >o(assiuin nitrate. 
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Tho cnn, uflor .si'iliin*;, be eiisily rcc-oj^iiised, even in diirk- 

colourcd liquids. If il is waslied with the molybdate solution us(‘d for 
the precipitathni, dissolved in ammonia solution, and ma^m‘sia 
mixture added (p. IM, footnote I), magnesium ammonium plro^- 
pluito is obtained. 

J5y adoptin^^f tin' above-mentioned ]>roeedure, phospliatr; ion 
cannot wiOl be mistaken for any otlu'r ion, for arsenate ion ;>ives no 
])re<‘ipitate with the inolybdah' sfdution in the e(>ld, but if the liquid 
is heated, and esjiecially if iMuh'd, a pna ipilate is formed (the liquid 
above it appearinjf yellow after sonui time) ; silicate ion, however, 
j;ive.s no reaction at all in tlu' eohl, luit on lu'at iiui tin* lujiiid a strong 
yellow coloration is ju'odueed, l»ut no jnceipilate. 

11. Jf hnltdliv (in (tin foil) is aililed to a stroni; iiilru- acid piio:- 

})hute solution, (hr >ohoh’ pliosfdintf ton scjKU-alrs, ((ui<ih<r iv/(h nic(<t- 
Aannic ocv//, as stannic phosjdiate. insoluble in nitric acid (Mi-lhoil 
for sejiaratine phosp]uil<‘ ion fr<im metal ions. iioso ) 

Aeeordin^i, to Werner iMecklenburt:,' it. is, m the casi' of lhi> 
precipitation, a (picstion, not <)f a clu‘imc,i! conijiound, but. ol 
arlsorptioii. Il is. therefore, possible to piodiu-e t!u“ pn'cipltat loii 
by the aildilionof colloidal ii-ady-furmed staiinie h\dio\ide, instead 
of causin^^ slanni(^ h)dro\i<it‘ to la' foniu'd first from tin and jiilii' 
acid. Hero, as in the precijiilation with metallic tin, the liquid 
must not contain any apjui'ciable (|uantitv of hydrochloric acid 
According to tJattermann ami Sclundhelm.- phosphalo ion <’au iu* 
romov(‘d, even in tin' ini'sence of hviliochhuic acid w ith conijiai’al ive!\ 
small quantities of tin, bv precipitating the weak h\dro( hloric acid 
solution, heated to boiling jioint, with a <‘oncenlrated .stannic chlorid'- 
solution, freshly prepared in the cold (()'5 ^rm. ])lios[)horie aeni to 

2 to 3 erins. stannic ehlorld('). 

Email (piantilies of ])li()spha(e ion prodins' a pn'cipitate, whieli 
is not very suitable for till rat ion. If (he phosphate ions are to he 
remoV(‘d, 0 3 jirni. of diamnioniiini h\droucn jihosjihale sliould lie 
added to the solution before preeipital ion taki's phu e. 

12. If a finely eround substaiiee eontaiiiiii^ a phosjiliate (or .i 
motullie- jdiosphide) is fiisi'd with 5 parts of a flux eonsisliii” ol 

3 jrart.s of sodium, €<tfhon<il<\ 1 part of polusi^nini ndrufr, and 1 part of 
silicon diuxidi’, in a [ilatinum spoon or enieible, after the .substances 
have been thoroughly mixed witli one anothi'r, the mixture boiled 
witli w'ater, the solution ]iour<'d o1T, ummvnianh (utrhonnle added, this 

* Zill'-di. annl. ('hrm., .52, 2t).'{. 

* Jkr., 49, 2410 ; ZtUac/i. ami. C'hcm., 56, 205. 
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lioilcd njiuiii, and flic ailicir acid finis ])rccipi(ii1(‘d filfcrcd, alkali 
phosphate will bo present in flic solulion, and j)lio.spliaU* iun may be 
detected in it according to 7, 0, or JO. 

13. On introdueini; a snbsiniice containinLj pliosplmfe ion, which 
hns been ignited and powdered, info a smnll iilnss tube, drawn out to 
:i narrow dinimder .‘ind closed al fin* bofloin by fusion, and adding a 
jiiece of )m/]nesinm mirr 4 mm. lony (or a fraymenf. of sodium), which 
(iiusf. be cover<‘d by the substance under (‘xaminafion, and then 
lieal in<< the mixf iir(‘, wm/ucsO/,;/? (or sodium) p7/asp//a/c is formed mih 
hnylit incandescema', and tin; compressed lilack mass consecpienflv 
I'juils Ihe ehara<‘leristic odour of hydrotfi-n yhosjdiiilc wlum nioist(med 
with wafer (Winkelblech, Bunsen). 

1 !. A}hun)iv is proci{)r(at(Hl neither b\’ a solution of orLh(»- 
pliosphonc acid, nor by a solution of orthophosphates, frenfed with 
;icct ic arid. 

IT;. Wdllt n‘;eard fo the }iiicroclu'}iiinil dcfnluoi of ]>liosphat<‘ ion, 
sc<' Ifaiishofcr. i\f flroslopisri/r PraklioncH. p Id.S . Ihdtjens-Klcy, 
MiLrrK-J/cnusr/ui Analyst-, 3rd ed.. ]>. l!)S 
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Appendix. 

(n) Pyrophosphoric acid, 11 , 0 . 4)7 (IVroj)hos]ihafc ion, l’.jf)"'' 7 ). 

1. A sohilion of pytojjio'iphttnc acid, v\hen ])oilcd. is <-onv<'i(tsl intoono 
of <nthoj)hosplioric acid. The solutions of the .sails may In* heated w itliouf. 
iiin!ci>;oinfi decompo.sition, but. if fli(“y are hoded uilli .vfioni’ a<ids, llie 
jiyrophospliatc khi is converg'd into ortl}o]>liosphal(‘ ion. I>y (iismp; flu* 
salts uill‘, sodium carbonate* in e\<oss, nithopliosjilmlcs aic ohtaiiual. 
I’yiophosphoiU‘ acid forms only two s<‘ii<*s of salts, iic\ilial witli the anion 
1 *4and acid \Nith the anion 11 < )f t h<’ neutral ji\ toplios]>liates, 

only those of the alkalis arc soluhh* in water ; tiie ai nl salts, t tj. \a^J (jl’otI,, 
'■ne conveitc<l on ifinilion, with the sc])arati<m ol ual«r. into nicta- 
pliosphale.s, lyaPOj, 

-. Ihiivni, chloride doi's not prc'clpitalc the fo't* acid. l)nt ^i\es a wliite 
I>n*cipitatc of harinm }n/r<ydiosp/nift\ Ua^l’.O-, soluhh* in li\<lin( Idoiic acid, 
with solutions of the salts. 

•5. Silnr nilralc pn'cipitates from a solution of pyro])hosphoii<' acid, 
f-'pccially on the addition of an alkali, wbr/- pyrophosphate, A'j,l’/);. as a 
"hile (distiiu (ion from ortliojihosphalc ion), earthy precipifat*, sohihlc in 
uifiic acid and ammonia solution. 

‘1. dnpric .sujphafr produc(“s in an acetic acid solution of pyro)thosphat<*s 
hluislbwhiti* prcci])itatc. 

r>. Cadmium chloride ^^iv(‘s in nc<‘(i<- acid solution a white ])r(‘cipi(aie, 
iiisolnhlc in an e.vcess of the jn’ocipitnnt. (Ortlio* an<l mctaphosjilialc.s 

27 
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are not precijntatod by cupric and cadmium salts under these conditions. 
C. ArnoI<l and (}. Wiu'jicr.) 

6. Miujnr.'^min .vd'pltiifc prcci|ntatos tmhjncsium' 

The precipitate (liss<>Ivcs on the additien of an excess of j)yro])lKispliato or 
of magnesium salt. It is not pie<-ipitate<l from these; solutions by ammonia. 
(Distinction from nu‘ta])hos])]iale ion.) Wlion tlie solutions are boiled, 
howeviT, it separates. 

7. Mh iwaniiiK'-rohiillilncliJorub' (liil eo-cobult cliloridi;), ff'o(N}r 3 )Q](l 3 , is 
added to a not too dilute solution of an alkali pyropliosphab*, a ]iale risldisli- 
yello^v prcci})itiit<‘, consisting of lustrous crystallin<‘ llake.s at once 
obtaini'd. The precipitation docs not talo* jilaco in acetic acid .Miliilion. 
(Distinction from ortho- and metaplu)s]diate ion. 1). Braun.) 

8. Afhinnin i.s not i)reci[»itatcd, either l)\ a solution of ]>yrop]ios])honc 
acid or by a solution of the salts, treated with neetic acid. 

9. Ammonium, mo/i/f>tl<ilc, with the addition of nitric acid, at tii.sl 
produces no proeijutate, but later, yilow aniinonnim phosjilioinolybdalc 
separaU's from tlu* lirpiid m the ])ro]iortion in which tli<‘ pyrophosphate mn 
is converted into oitiiophosjihati' ion. 

(;8) Metaphosphoric acid, (11P0;,)„ (Motaphospliatc ion, 

L A whole scries of dilTerent, mainly polymciie, compounds, coin- 
sponding to the formula (D BO^),,, is ti'rmcd mf’/op/a>.sp/ioMr nrnJ. I'j) to 
the present the constitution of eight kinds of metapliospbaU's have heen 
definitely <lcterinined, and the ai ids corK'sponduig to them have, for the 
greater part, been prepared. TIk! reactions which distinguisli the 
individual metajihosphates aie not mentioned here, and we eoidiiie oui- 
selves to the roma'-k that the mela[)iiosphoric acids ditl'er from the oithn- 
and pyro])hosplK)iic acids in that fh(‘ solutions of mctajihospliorK- acids at 
once precipitate aJhiimni, whilst the solutions of the salts oid\ pr<'< ipitnlr 
it on the addition of acet ic acid. 

2. A white precipitate is formed by those mota|)lu>spliorie Tieids and 
salts which arc precipitated by mV/vp nifxdr. 

3. M(Ujy\vsium -^uiphair pioduces no piecipilat<“, but doi's so on tiic 
addition of ammonia. The ^ireeipilale ilissohc's in an excess of ammonium 
chloride solution. 

4. Ilexamine-colmllitrivlihmulc jirodiicos in an aipicous soliilion of mda- 
phosphates a brownish-)cllow [irecijulute ; th<* piTi ijiitatiou takes place 
also in acetic acid solution. (Method of ilelecting mctaphospliat<“S in tlie 
presence of the two other ]ihnsphates. ('. Arnold and (1. Werner.) 

5. All mctaphos|>hates, when fused with soihmn nnhonoti' m (‘xees-^. 
yield sodium orthophosphate. 

109. 

(b) Boric acid, TbiRO., (Metaborate ion, BO'.j). 

1. ('rystallised boric acid (ortkoboric, ncid), Il 3 DO;{, ron.sists of 
scalv flakes, solulih* in wader and aloobol. On <‘vaporaiing lii" 
solutions, a large (|uanlitv of hoiic a<ad volatilises with the water 
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(II' alcohol vapours. The .solution.s turn litmus red and pive a pale 
(//■/«'« (IriciJ, (l(irL) browt)ish-rrd cnlomiitm lo turmeric paper. When 
heated at lott', liorie acid loses one, molec.ide of water, and is converted 
into meUihoric acid, KBOj ; at 140° letndmrii' acid is formed, II 2 B 4 O 7 . 

(Kher “ condensed ” boric acids are also known, which, like the ahove- 
nientioned, are all fornied by water beine eliminated fioin orthoboric 
acid and the residual nioleciiles coinbininy to form lareer complexes. 
(Ill iyiiition, boric uiditjdridc (boric, Irioxide), BJ)a, is formed as a 
fusible liyeroscopic ela.ss, which resists the action of beat, The'.s'n/bs’ 
of boric acid (borates) are mainly derived frommela- and tetraboric 
acid (borax, Na 2 B 407 . 10 IT„ 0 ), and are not decomposed on ignition ; 
only the alkali boiates are easily .soluble in water ; their solutions are 
eoloiirless iiiiil, i.wine to hydroly.sis, .show an alkaline reaction. In 
dilute aipieoiis solutions borax is completely decomposed by the 
absorption of water into free boric acid and a borate- either NalloBUj 
or NaBOs, probably the latter. The process would thus be: 
Kiu B ,07 1-d 1 Isf > ' 1-2 B(I's-l ^lfaBO^ (iSholton. Zcilxcli. pin/sik. 

Clicm., 43, 494). Boric acid is a very weak acid, with I be dis.social ion 
constant. K -1.7.10-'* at 18°, or 2.3.10-'* at 2.9° for the proce.ss 

ll,.iB<)a^H +lf 2 B 0 ' 3 , or llBOo^lf'-l-BO'. 

2 . Barium chloride produces in not too dilute, solutionx of alkali 
liorate.s .a white precipitate^ soluble in acids and solutions of ammonium 
Milts, of barium borate, the foniiuln of which, on the jirecipitation of 
Iiielaborates, is BaB 2 (l 4 -| 21120 ; on the jirecijiit.ation of letraborate.s 
the combination of the precipitate is eiven as Ba^BjuDis | (illoO 
(If. Ilosot, but. this depends on the conditions. 

3. Silver nitrate, mi.X(>d with eoncentrated solution.-! of alkali mctii- 
boralcs, yields a white, (slightly yellorvisb, owing to the jiresence of 
free silver oxide) precipitate, 2 AgB 0 . 2 -kll 2 ^b whilst from concen¬ 
trated solutions of /c/ruborates it gives a white precipitate, the coin- 
position of which is .said to correspond to the formula AgoB^Oi.r,. 
Itiliite solutions of alkali borates give with silviu' nitrate a broirti 
precipitate, of .silver o.xide, and under certain conditions alkali letra- 
bora,(es also yield silver melaborate, AgBOo (H. Hose). All tlii'se 
precipitates dissolve in nitric acid and in ammonia .solution. 

4. On the addition of dilute sulphuric acid or hydrochloric acid 
to eerii conceiitrided solutions of alka,li borates, prepared with the. aid oj 
heat, boric, acid separates, on cooling, as lustrous erystaUme Jlakes. 

5. On treathu/ a solution of an alkali borate or an. alkaline eaitli 
borate with hydrochloric acid until the reaction is di.stinetli/ arid, and 
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dijtjjiruj into it luilf of o strip ol turmeric paper, which is then dried on n 
woich-i/l(is.s at 1(10°, the holf ori(/iii<dh/ iiioisicncd will show a chordch r- 
islic red colour (11. Hose). colour rloc.s not di«iii])c;ir when tlic 

paper is dipped into dilute acidn, as in the eii.se of the reaction prn- 
diieod by alkaline liipiids. If the turmeric jiiijier. coloured red luj the 
hoiic arid, is mnisiciicd irith ii solution of uu alkali hydroxide (or 
ainnioiiia), or alkali carbonate, the colour chinuies to hluc-blueh or 
i/rccn-hluch ; a little hydroelilorie, acid will, however, restore the 
hro\»ni.sli-rod colour (A. \'oKel, It. Ludwia). 

This reaction is very sensitive. Care should he taken not to 
confuse the characteristic red coloration evith the hlaekish-brown 
coloration which turmeric paper a.ssume.s when moistened with .some¬ 
what concentrated hydrochloric acid and then dried, or with the 
brownish-red coloration which ferric chloride, or a hydrochloric, ar id 
solution of molybdic, titanic, niohic, or tantrdie acids or zirconi.r 
iinjiart immediately (and to aercater deerer- on drj'inf;) to tnrmei u- 
jiaper. The coloration produced by these suhstances does not chanfic 
into bluish or {treenish black when moistened with alkali hydro.vide 
or alkali carbonate solutions. The turmeric reaction is particularly 
sharp when the borate .solution, acidified with hydrochloric acnl, 
is evaporated to dryness on the water bath, with tlie arhlition of 2 or 
3 drops of turmeric, solution or turmeric, tincture. The residue has a 
brownish-red colour. The reaction is inhibited by the presence ot 
chlorates, chromates, iodides and nitrites, which .salts must, therefore, 
first be removed or destroyed. 

0. Free boric ueid and volntdc boric conrpounds produce a (jreen 
coloration in the non-luininous gaS-flame. The coloratioivbecomes 
visible when a borate, after being nioistenisl with concentratcil 
sulphuric acid, is heated on the lower edge of a ISiinscn llame on a 
loop of platinum wire. 

7. ]Yhcn alcohol is poured over free boric acid or borates (in the 
case of the hitter concentrated sulphuric acid being added in order to 
liberate the boric, acid), and the ulesdiol if/nited, the Jliituc, espcciiilly 
when the liijuid is stirred, will be coloured a distinct ycllowish-iireeu 
by the burning boric acid ethi/l ester. The reaction is most sensitive 
when the, dish containing the mixture is heated, the alcohol igniteil. 
allowed to burn for a short, t ime, extinguished and then ignited again. 
When the alcohol first Hares U]) the edge.s of the fl.amc will appear 
green, even when the ijuantity of boric acid Ls so small that no llauie 
coloration is visible by the use of t.ho ordinary method, donren- 
tralcd sulphuric acid should he used, and in not too small qunntdij. 
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As c-ojjpcr .salts also colour the spirit flame ^n*c,ji, any copper pri'.sent 
jnust bo roinov(‘(l by means of liyilrogen sulphide. Tlio presence of 
chlorides jnay also lead to mistakes, as the resulting ethyl ddoride 
colours the flame blnish-grecn. 

The fl<(me coloralitni of the ynetluji e.sicr oj bone mid is also very 
charaetcristic of bone. acid. Kor the purpos(‘ of (he rea<-tion a short, 
wide, small to.st-tube, ])rovided with a cork with tavo holes, .should be, 
used. A ghiss tu])e bent at right nngl('s is insc'rted into each of tlic. 
hoh's ; one sliould nsach nearly to tlie bottom of th<‘. test-tubi?, the 
oilier to only just below tlni cork. The projecting arm of the latter, 
alioiit. 5 cm. long, is eonstruded to about 1 mm. On introducuig 
a small ijuantity of a su])sfance c<)ntaiiiing boric, acid into the t(‘s(- 
tiibe, adding a litth^ concentrated sulphurii^ acid and gradnallv. on 
tooling, a little, methyl alcohol, condiuding ])ure hydrogen tlirongh 
ih<‘ small apjiaratus, and igniting il af((*r the atmospheric, air Inis been 
removed, il will burn witli a gnuui llanie, owing to tin' presmicc of the 
jiicthyl ester of boric acid, l>(0(dl-d.^ and, when .spec.(roseo}>ic.diy 
e.vamined, the llame will show tln^ chaiaeleristic hone at i<l sp<*c.truiu 
{m'(‘ |(i, Jtoseiibladl.) When using this reaction aciording to the 
mi'lliods of estimation used in the oflieial examination of meat,^ the 
suhstam t' to h<‘ examined js jiowdensl (/ r asli formed In' ignition 
with alkali hydroxide) with a cold mixture of 5 e e of me(h\l ah oJiol 
.mil <).“) ce concent rail'd sulphuric acid, is thi'ii ])laced iu a small 
tint illation apparatus with a further 5 o.c. of mefliyi aliadiol, ami the 
methyl .‘deoliol completely distilled on the water bath after standing 
for half an hour. Tin* distdlatc cun then be tested for boric acid in 
an apparatus similar to that described above, through which dry 
hydrogen is jiassed, and by the use of a platinum wire. ’I’lii'ri' is no 
liossibilit\' of confusion with barium and cojipi'r salts m tins reaction, 
il, instead of bi'ing ignited, the gas, which escajics on distillation 
metliyl alcohol and sulphuric acid, is conducted through a little 
|)olassium hydroxide solution, free from silicates, tliis .solution 
treated in a platinum basin with liydrolluoric acid, and evaporated to 
'iryness on the. water bath, potassium, boroflntmide, is formed, 

will! h lemaiiis undissolved when the ri'sidiie is treated with a solution 
n[ 1 part of potassium aiu'tate in 4 parts of water. 

On mixing a iinely-powdered substance containing born- acid, 
after the addition of a drop of water, with -i parts of a Jlux consisting 
nf parts of potassium pijeosutphate and I part of liiu'ly ]>owdcred 
Jlnorspar. free, from boric acid, and introducing the mixture on a loop 
^ Zeitsch. anal. Chnn., 47, 18. 
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ot platinum wire into tlm outer zone of a Bunsen flame or info flu. 
point of the imer hlowpifc Jlame, boron fluoride, Bl'’ 3 , cxcajjcs irnd liirn^ 
the flume, green, but only for a few moments (Turner). In the case 
ot easily deeompo.sed compound.s flic reaction may be jiroduced by 
moistening the substance with silicohydrotluoric acid, and introducing 
it into the flame. 'I'lie sensitiveness of the test may be increased bv 
mixing the substance thoroughly with silicon dioxide, and lluorsjiar. 
and heating the mixture, in a test-tube, after adding a sm.all piee.e of 
marWe, with eoneentrated sulphuric acid, and allowing the escaping 
gases to penetrate, into a nonduminous Bunsen flame through a, gla.ss 
tube, bent at right angles, attached fo the point of a |)latinum bhiw- 
]ii|)e tube (Kammercr). The reaction is specially suitable, for fhe 
detection of boric acid in insoluble silicates l■olltalning boron. 

b. On heating a dry substance confaining boric acid w itli an cipi.il 
or half its volume of unnnovium xdu-itfl.unride J in a glass tube closed 
by fusion at the bottom, finally to ignition jioiut, a sublimate of 
ammonium horoflmuide, (Nir 4 )Bh’ 4 , is obtained, which, when intro¬ 
duced into the non-luniinous flame, gives it a green, enluur and, when 
dissolved in water, gives the lurmeru; reae-lion nientioiieel in .‘i. If the 
substance under examination contains a free acid, it should be I reafed 
willi a, slight excess of sodium carbonate, (Stolba). 

10. By fusing boric acid or borates with sodium carbonafe on a 
loop of platiiiuni wire, and heating the bead in the flame of a spectro¬ 
scope, the sjxdrum will be recognised (even in the ease ot small 
quantities of boric acid) as one containing 1 jirotiotutced bright liiiex of 
ccjual breadth and at eipial distances from one another. Bj is 
yellowish-green and brilliant (according to the Table 1., lib to (iti). 
Bo is light green and brilliant (77 to .SO), Jbj is ]iale bluisli-gi'ccii 
(Si) to 92), and I!., is very jiale blue (101 to 105) (.Snnniler, iM. . 
lle.s). Kder and \'alenta juit the maxima of the, boric acid sjiectro- 
.scopic bands at the following wave lengths; Gb9'7, ()20H, (io.'i o 
r>79'7. .517'b, .lb’!'!). ,517 2,192'0, 170'9, 4.52'9 jig. Also when a liiich - 
powderi'd substance containing boric acid is rubbed with glgeene 
to a thick paste and introduced on a loop of platinum wire into (lie 
flame of a Bunsen burner, a green flame is obtained, which is very 
suitable for s|)cctroscopic examination (M. \V. lies). 

11. For the microcheiiiieuJ detection of boric acid, see Haushofer, 
MikrosJcojiixche Reaktionen, p. ISO; Behrens-Kley, Mikroehemiselie 
Aiudysc, 3rd ed., p. lO.'l. 

^ This can be obtameit by careful ne.ulrabaiiti<ui nt silicohydroiluoric acid 
with ammonia and evaporation of the filtrate in a platinum basin. 
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Appendix. 

As su|>|>!i'iiH'nUiry to tJio n^actions o[ horiii acid, perboric acid, 
(IN'tltorato ioti, JiO'-) ihuv Ijo iiK'iilioiUHi. As pcrlioralos 
moM* or l«‘ss easily mlo h)(lro;i(*ii poroxulc iiixi inota- 
toraU's, [vlloOo. Uk'v also j^ivo the horate 

i(»ii roaclions. 'I'Ik^ oxidising actions ol p<“rl)orate hmj are eharac-t(‘r- 
isti(t oi it. d’lius, wIm'O taa'atcd witJj yolassHcni (hchio/iifili- and shaken 
whli ((Ini', !<• ^iv('s a liluc coloi’ation 1o the Ia\er of other. • 

i'lu'onw, (thmi: dee(>inj)OS(!d wiili peilxnaU* and shak(‘n with 
( Iher also .i;ives a blue coloration. (Distiiudion from peteaihonates. 
.Monnier. ('hem. Ze/ih.. l!)17. i.. Gt)l ) 

Tthnnum Inelilonde ])roduees a red eoioration Ceiinm ddoTidc 
js eoIo(ite(l \ ellow. 

A mMilral, Init not an a(idilirr|. jtoltmsiiim iit'iimimimmle t^olution 
IS deenhiiised, with the s(‘pai'ation ul Jiiaii,i;ajM‘^e dmxide. 

Neiitial tnehi hms and enlxdlvus .^rd/ .Milxltaits ^ive dark 

pi'i'c )pi(.a.t(‘s of I li(‘ oxides. 

Perljoiates onI\ liberate iodim* Jroiu i)()la-^-->inm 'lodnle after 
aeidilieal ion. 

t'/- also \V. \iV\\7. and hi. Kieliter, ZriUcit. an<d. ('Item., 50, bd7. 


Sec. 110. 

(C) Oxalic acid, (Ox.ilate ion, i'jy'i)- 

I Aeltt/ileoKs (KCtilie (letd. is a while powder , 1 In* (■r\.''tal- 

liseci oxali<’ .mid, | loiiiis coh)inless. rhonibii; rods. 

Both eo)nponii<ls dissolve easily tn water and alcohol lleati'd 
'I'liekly in open vi'ssels, th<‘ aiili\dious acid is j>aitly deeiiinpo.sed. 
uiMioiii, ()tc si'paration of earbon. ami jiartly volatilised without 
di'iojiiposilion. The vapouis hav(‘. a very irrita(in,i; olha t- on the 
throat. If aiiiiydrous aeid is heated in a test-tube, it ]>Htilv sublimes 
without d(‘(s)mposition. Oxalic aeid and its salts are jioisonous. 
Oxalic acid m atpieous solution is a moderaleK strong ililjasu' acid. 
The dissociation constant for the process I 

about 0.1. 

w. As a dibasie. acid, o.xalic ai id forms netthal und aetd salts 
f'ovd(f/(',v), and also /c/mo.ro/n/ev, wliieh are eompomids of one molemile 
of an acid salt with one molecule of oxalic acid, e.(j. Kilt'y 04 -h 
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'i'lio oxalates are all decomposed on ignilion, the anion being decom- 
])osed into Carbon dioxide and carboji monoxide. 1'hus, the oxalale.s 
of fln^ alk.ili metals, as also of the alkaliiie eartli metals (it they are 
pure and are slowlv heated), are, converted iiito carbonates (almo.sl, 
without, sejiaration of carbon); magnesium oxalate changes to 
magnesium oxide, even on very gentle ignilion ; the salts of hoavv 
metals give a residue of metal or oxide, according to the redueihiht\' 
of the metallic oxide. Of the salts of oxalic a,ciil, the neutral oxalate., 
of tllO alkali metals are, soluble in water, the acid oxalates dis.soKi' 
loss readily ; magnesmm o.xalate and a few oxalates of heavy metals 
are also soluble in waiter. The insoluble metal oxalates form with 
alkali oxalates soluble double, salts. 

.3. Barium chloride yichU in ticuiidi sahiiions 0 / nlhili o-xnlcicx 
(I ii'Jlilc jtirclpdiilc c/lmn'iitn (ixaluh'. 15a(b04-| Ibdt This isscarcilv 
soluble, in water, but dissolves more readily in ammonium chloride 
solution, waiter containing ai'elic acid or oxalic acid, and easily 111 
nitric, and hydroclilorie acids ; ammonia jirecijiitales it from the 
last solutions unchanged. 

4. Lead acetate produces in solutions ol oxalic acnl and of alkali 
oxalates a ii’/iilr jiri'cijtilclr nj laid iijidnli-. I’ldbO.i, which is spariiigh 
soluble in colil dilute nitric ai id The washed precijiilale does not 
dissolve in ammoiiia solut ion. 

5. Silver nitrate produce.s m mpieous .Milulions of oxalii- acid and 
of alkali oxalates a ir/otc jiirripiluk’ of silirr ir.inUilc, Ag..,tb 04 . It 
is only slightly soluble m waiter, ilissolves with diHiculty in dilute 
nitric acid, but isisily in concentrated hot nitric acid, as also m 
ammonia solution. When rapidly Imated, it fuses explosively. 

G. Manganous sulphate and manganous chloride jiroilui e m 
.solutions of oxalic acid and neutral alkali oxalates an (iliiiox! irliih', 
cri/slidlino jjiictjiiUilc of niiiiif/iriioiis oxnlnk', j\lnCW )4 | ,'iILO. 

7. Lime-water and all xolubtc, cnh-him xall.s, as also calciuiu 
sulphate solution, produce m aqueous solutions of oxalic acid and id 
alkali oxalates ((‘ven when extremely dilute) tUnlc, puh'indi’iil 
precipitulca of culcium, oxalate, (la(! 204 -l-Jbd), and occasionally 
CaCaO^ I- 3 U 2 O, which are praiiicalli/ insoluble in water, scarcely 
soluble in acetic at id and oxalic acid solution, but ilissolve easily 111 
dilute hydrochloric and nitric acids. Ammonium salts in no way 
hinder its formation. The addition of ammonia has a considerable 
influence in jiromoting the precipitation of free oxalic, acid by calcium 
.salts. In very dilute solutions, the, jirecijiitalion only takes place 
after some time, but more rapidh' on heating. 
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8 . Potassium salts, o.ij. ]H>tii.s.siiim (;liloi'ido, luiil acetic acid pniduiM; 
ill coiioenlnitod aiiueoii.s oxalate solutioii.s a cry.stulline ))reei]iitate 
of jiotassuim liydroijeii. oxalate or tiinuixalatc. Its .se|iara(ion is 
proiuotcd by the addition of aleolioi. Tlie prceipitaio dissolvi'S 
readily ill alkali liydroxide solutions and mineral acids. In iLe ease 
of dilute solutions there is no ]iieei|iilalion. 

!). I/oxahe. acid, or an o.iiiliile iii. the di i/ eoiidilmu i,s heiitiil wit li an 
excess of concentrated sulphuric acid, the o.xaln; aenl Is dei'iiiiijiiised, 
with the separat ion of water, and eiiiluiii diiixide and ciiiliini iiiunoxidr 
are formed, wliieli e.se.ape witli elfervcseenee : 

J-|./U).j-ILtI -CO. I CO 

If till; test, is made on not too small a .scale, the eseiiyiii;! citilioii. 
iiiiiiiDXide iiimi he ii/iiited ; it hiiriis with a hlucJluiue. If the .sul[ihnrie 
acid becomi's dark in the course of this reai tion, the o.xalic acid must 
have been mixed with an oreanie. substanie (in tlie analytical sense. 
t'f. 8 ec. Hi), second paraerajih). 

It). On niixine ox.ilic acid or an oxalate with a little tiiiely- 
liowderi'd manganese dioxide (wine li must be fn'c from I III bonates), 
and adding a little water ,ilid a few drops ol concentrated Sulphuric 
acid, there will be a I'liioriiils ejfei ce.-,ceiice iirod need hii the esnijiiiiil 
ivitmi di.iuide. MnO. |-IU(U).I I II.SO 4 - .\lnSO, 1 •-’('O.- 1 211J). 
hree oxalic acid will show the reaction without the addition of sul¬ 
phuric acid, but it will be less .sensil ive 

II On treating a solution ol f i'miii, /iho^ijdiiite 111 j)lios]ilioric acid 
with an o.xal.ite solution, the li(|iiiil wall have a. deeji yellow colour. 
The sensitiveness of the reaction is increased bv yeiitle liealing 
(tillin'^ 

12. If solid oxalic acid or an oxalate is tri'ated with a fi'W drops 
of a solution of iv'.s'orccaof i u conceiiti'aled siil phiii le arid (about 1 : lot'}, 
and carefully heated until siilplniiic acid vapours bepin to escaiie 
(about. l.!J(l“ to l lO"), the liquid irill hecoiur deep blue. 

J.'k On dissolving a small crystal (.'! to 5 iiierm ) of iiuiiii/iiuiius 
sulphate in a few drojis of water, adding a drop of sodiiini hydroxide 
solution, heating the liipiid and, when cooled, adding drop by drop 
the solution which is to be tested for oxalic acid or its salts (which 
must, be free from reducing substances atid, if necessa.rv, slightly 
aeidiliod with sidjdiiirie acid) to the manganous iiiaiiganic hydroxide 
( 8 ec. 58, li), a red coloration will appear in the presence of o.xalatc 
ion, as soon as the precipitate has dissolved. This is a sensitive 
reaction, suitable for the detection of oxalic acid ions in the. prixsencc 
of the ions of hydrochloric, sulphuric, nitric, phosphoric, acetic, 
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butyric, valeric, citric, tartaric, lactic, benzoic and salicylic acids, 
and of j)licno!, and also of small iiuantities of formic acid (J. F. Sachcr, 
Ckcm. Zcil., 39, ;fU) ; (Vii'iu. Zcnlr., 1915, 1., 1282). 

14. Wlicn tlu' oxalatc.s of the alkaline earth metals are boiled 
with a concentrated solntion of Kodimti carboiidfc and tiitere<l, sodium 
o.xalate will he found in the iiltrato, and alkaline earth carbonale 
in the preci|iitafe. ,So far as the oxalates of the heavy metals are 
concerned, it is not always po.s.sible to attain the ohjei^t in view 
com]il#tcly by the. use of this process, as main' of these oxalates aie 
jiai'lially soluble in alkaline lii|nids with the formation of ilonbli' 
salts, r.fj. nickel oxalate. 8neh heavy metal cations must, therefore, 
be separated as sul])hides. 

lo. With regard to the miornrhcmicdl di-lcriion of oxalic acid 
or of calcium oxalate, <f. 0. BiseholT, Znlsch. (iiiiil. (Hum.. 22, ti,'!.'’.; 
llaushofer, ilikrd.tkojvschc Itcnhiom n. p. 81 ; liehrens, Aiilciliniii zur 
mikrucliciiiisclicn AnuJij.'U'. 1st ed., vol. 1, p. 39. 

Sue. 111. 

(d) Hydrofluoric acid, 111’ (I'luorine ion, K'). 

1. .\nln (Irons lii/dioJIiKiric. acid is a colourless liipnd, which gnes 
oil strong fumes in the air, boils at J9'4", and is readily soluble m 
water, ziqiimiis hydrojbiiiuc. (icid differs from all oilier acids in that 
it is capable ol dis.solving silicon dioxide, and also of dissolving or 
decomposing silicates insoluble in liydroehlorie acid. In the solu¬ 
tion of silicon dioxide, silicon hydiogen llnoride is prodncei^, with 
the sininltaneous formation of water : Sit la-l-tillF-—ili>SiF|5-;-21l2() 
In combination with metal oxides, liydrolliioric acid yields tliioridcs 
and water. Hydrofluoric acid [irodnces blisteis on the skin similar 
to the blister of a burn (olteii they do not appear for some tinic) 
therefore lare is necessary in handling this acid. In diliile solutions, 
the behaviour of hydrolliioiic acid is that ol a somew liat weak mono¬ 
basic acid. 'I'lie di.ssociatioii constant for the ])roce.ss IIK^II' 1 I'" 
is, according to Tick. 7.2 Id "i In concentiatcd solutions hydro¬ 
fluoric acid is materially stronger, owing to the format ion of hydrogen 
fluoride ions, corresponding to the equation lIF-l F'^llF'g. (OJ. 
Abcgg, 4, 2, p, 31 (i .scy.) 

2. Of tUf JtiKin'de.t those of the alkali metals are soluble in water, 
and their solutions give an alkaline reaction; lho.se ol the alkaline 
earth metals do not dissolve, or only with great dilliculty, in water. 
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Aiihydiou.s aluiiiiiiium liuorido is not soluble; on the other liiiiul, a 
iiiodificatiou ol the beptaliydrate 2 AIF 3 . 7 II 2 O dissolves in water, 
^laiiy of the lliiorides of heavy metals dissolve with ereat dillieiilty in 
w.d.ei', t'.g. cupric, load and zinc fluorido.s ; others dissolve in water 
without (lilliculty, such as niokelous and cobaltous lluoruh', silver 
antimony and stannic lluoiides. Many of tiie. lliiorides which arc 
nisolnhle in water, o!‘ only dissolve with ditliculty, form with free 
livdiolluorii- acid soluble hydrogen lliiorides ; the alkali lliiorides 
also coiiibinc with hydrolluoric acid: the lluoriih's ol most Jieavy 
metals unite wit h alkali lliiorides to form double salts. Most lliiorides 
do not undergo decomposition when ignited in a erueihle ; on being 
iiiipordlcd with cancevirulcd iiktiric. acid they are ilecomposed 
(whilst hydrofluoric acid escape.s), and coiivert.ed into sulphal.es. 

.‘I. Silver nitrate does not givi' a precipitate with solutions of 
liydiolliioiic acid and lliiorides. 

1 . Barium chloride precipitates lluorme from an aijiicoiis .solution 
of hvdridluoi ic acid, and more completely from solutions ol alkali 
lluoiides, 'I'he voliiiuiuous white prccijiilale. barium Hucndc, 
B.il'b. IS pr.icl.ically insoluble, in water, hut dissolves in fairly large 
ipiaiililICS ol hyilroidiloric or nitiic acid; aiiiiiioiiia docs not re- 
prccijiilate it, or only incoinplelidy fioiii these .solutions, owing to the 
solvent ai tion of ammonium salts. 

h, I5y adding calcium Chloride to an aipieoiis solution of hydro- 
Ihioric acid or of a fluoride, c<dc.iai)i Jhiandc, t'al'b, is obtained in 
the form of a gidatinoiis iirecipitate. which is so transparent that at 
first one, is iqit to assnnic that the liquid has reiuained clear. The 
addition of anuuoiiia jiromotcs a complete .sejiaration of the jire- 
ci[utate. This is jiraclically insidiihle in water and scarcely soliihle 
111 hydrochloric and nitric acids in the cold, but dis.solvcs more 
readily wdien boiled with hydrochloric acid. Aiiiiuonia does not 
piodiice a precipitate, or only a slight one, in this .solution, because 
the aiiniioniuiu salt wliicL has hcon formril kreps it in solution, 
kalciuin ilunridc is hardly move ro 1 uI> 1 <‘ in frei^ hydrolliioi ic acid than 
Jii water ; it is insohil)le in alkaline liquiils. 

h. Wlu'n a linely powdered fluoiidii (it is immaterial whether it 
is soluhlc or insolnhle) is treateal in a plutinnm cnu.ihk with just 
suflicient concentrated sulphuric acid to form a thiii iiaste, the 
(Tucibic covered with a dock f/laiis of hard j^lass. the convex side 
of whi(‘h is covered with a lai/rr of wax, on which inarLs have Iwcn 
drawn with a fine wooden point, the hollow of the eloek glass filled 
"itli water or ice and the crucible placed on a wann plate, the marks 
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vvillp)o'foiin(l iiffn- nn hour or an hour to bo more or loss etched, 
wtiich can bo cloarly soon wJioii tlie wax has l)ooji roinovod. ('I’o 
ro|)la(^c tho layer of wax, the clook j^Iass should bo oarofully boated, 
a 2 )io(^o of wax laid on it. and, as it molts, evenly spread over it; to 
remove it, the ^dass should a^uiin be yauitly boated and the wax 
wi])ed oiT with a olotli) I f the (piantity of liydrolluoi ic aoid lilieratod 
by tlie suljihiirio. acid is very small, it (tfton hajipons when Ihe wax is 
roiiioved that the marks are uo Ion;:i;<'r to hi' seen. Init liy broaUiiue 
on tliQ ^lass llic marks become visible, ayaiii, owin^ to tlie une(|ual 
capacity of tlie etchi'd parts of the mlass and those not attacked to 
condense water. As. however, such markings di'volojiod by breatliitio 
may be due to othm- oaiises, the eotielusion may be drawn from the 
fact that tfiey do not app(*ar, that (luorine ion was absent, but the 
appearance of these markinus is not lU'oi'ssarily eonehisivi' that it 
wuis jiresent. In any ease*, they should not be considered deeisivi*. 
unless they can be n'pnxluced after the clock ^lass has boon t borough 1\' 
cleaned and rinsed with water, dried and wiped.^ 

The reaction iiicntiomMl is nol successful in (lie ]uosencc of too 
niuch silicic, acid, or whim the sulistance cannot be deeomiK>se<l by 
sul])huric acid. In sueli <ases one of Ihe two following jiielh'Mls 
should Ijc us<*d : - 

7. (h) healDKf <i Jiiirl/f-pfui'ileted suhstuvce, decoiiijjosfdde Ik/ con¬ 
centrated sulphuric acid and eoidainuujJiuoi/de (by itself, if it eoiitains 
much silicic acid,-or (if{< r (he adddionof Jrnehj-powdered quartz, if it 
contains little or no silicic acid), v'dh concentrated sulphuric acid, 
sdicon Jluonde, SiF^. escapes, n /neh Jonns tlucl- u'lide finnes in moist 
mr, and fjires a deposit of sdieie. acid, Si{OJl)j. ivhcn hrou^d into 
contact with water or ammonia. If the gas is introduced into water 
by means of a glass tube moisteiu'd on tlie inside, t he tube l>ccom<‘s 
opaipfc from th(^ sejiaralion of silicic acid ; wiien juosont in huger 
quantity, silicic acid also separates in the wati'r. wliile tlie liquid is 
rendered acid h}’ siUcoh/ptroJluorie acid, 

I'or the purpose of dct<‘(;ting .''inall quantities of fluorine by this method, 
the substance is htaUeil with eouciaitratisl sul]»hurie. acid at about lOO 

1 I’lio statement of •!. Nickh's, tli.it c^veiy kind of sulpliuric acid, in hiet all 
acids Huitablo for the development of Iiydrogcn fluoride, produce ctcliings on 
glass was not confirmed by ns in the use of clock glass made of Bobemian glass , 
but it is wiser to ascertain, before using sulpliuric acid, whether its vapours alou'* 
cannot etch the gla.ss. Any hydn)gon fluoride confained in conconti‘ate<l 
sulphuric acid may be easily removed by diluting it with an equal volume of 
water, ami evaporating it in a platinum dish to its forniei eomoutration. 

^ however, the statements of Daniel quoted below. 
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in a small flask witli a cork, through wliicli two tubes ate |)assc<l. A slow 
. IIIrent of dry aii is introduced tiu’ough (lie one tube (winch shouhl leacli 
|.o tlie boltoni of llu‘ llask), and I'vpclled by t he short tube (\vhi< h should 
terminate (adow' the cork), and tlirough a U-sliapc<I tui)e, \^'hieh lias a bulb 
at the base containing a drop of watiT, and the other end of which is con- 
nected With an asjarator. I’he siUcmui lluoride which escapes with tlie ni?' 
deposits (at tile placid whcr«‘ it comes int^o e.ontact. with (he water) .‘<ilirir 
even vmy small (juantities of wlindi may lie easily reoogniaoil by nn-ans of 
llie abovo-mentioned anangoment of the apparatus. Cutufi-siinii 
siiljthdfr is use<l in th<‘ ease of subslan<‘<‘s, which <lo not decompose I'eadily, 
m the phua* of siilphniic acid; tins sliould lx* healed continuously until 
fused, after (lie addition of a little maible (to produce* a continuous slight 
evolution of gas), in a tube of hard glass scaled at one end and eonnoctrsl 
with a further tube for eonducting the gas. The silieon fluoride, wdiieli 
CHcapi's in l-lu? lirst-mentioned ojieration, may also be introduced for two 
lidiirs m a slow current into a test-tube containing about 0*3 grm. of aniline, 
dissolved m IT) e.e. of etlier and 15 e.e. of alcohol. Jf nuoriiie is ])rcsent. 
a while* glilt<*ring deposit of .s/bVo?/ jfi/oroainlinr will be formed. If this is 
suspended in the liipiiil, an<l tliree drojis of a moderately eoncentrat-cd 
solution of sodium hvdto\'ide in alisolute alcohol achhsl. sodinni silivo- 
llaorldc. will gradually subside (W. Kuop '). T’he silicon lIuoi Kb* reaction 
IS not alw'ays obtained in the ease of many minerals containing llnorine 
(Topas); it may also not occur with purti fluorides if too gieat an excess of 
tlie readily attacked modiricalioii of siIick* aciil is pri'seiit. In this easi*. 
tliere is formed ni the reaction lietween liydronuone acid an<l the excess of 
amorphous silicic acid, a, non volatile silicon oxytiuoride. tin* eomj>osition 
of wliK-li agrees approximab'ly with the formula: SiOF.^ (K. Daniel-), 
Oxylluortdt! is not produi*ed, or only in quite small quantities, in the <-ase 
oi quartz. Daniel gives tin* following inctliod of nppl> mg tlie ti'st as lK‘ing 
the most suitabh*. The siilistanco is stirred in a slioii test-tube with 
volui^cs of fine quartz jiowiler and a little conet'iitinti’il siil]t}mi'ic acid, 
until it forms a thin paste. 'Phe tube is closed with a pi'iloialed cork witJi 
a groove in its side, through tlu* liole of which ])asses a glass rod pressed 
out Hat- at one end and coated witli asphalt varnish. A small drop of 
wafer IS suspended from tlie end of tin* glass rod ami held close to tlie 
leaelion mixture, and thi^ lube gently heated over a small llame, whereby 
(lie lliioiine jirosi'iit is almost immediately det(*eted by a white ring of 
silicic acid, »'Si(Olf)^, round the drop of w'ater. 'I’lie black coating of 
asphalt \uiniish eonsi(h*ral)lv increases tlie .sharpness of t he reaction. 

8. 7f K'/nch arc iiol d(TO})ipoaed hp sulphufic dcnf i//‘e lo />c 

trsfed forjluoi'hir, llirp iniisf jirsl of <fll hr ((rcon)posal. 'Phis is done by 
ihom. wilh four pur/s of sodiwut potassium rarhouatr. Tlie mass 
is then treated wdth water, filtered, concentrated I)} evaporation, 
allowed to cool, introduced into a ]datimim v(‘ssel. treated^w'ith 

® Zcilsch. anorij. C'hnn., 38, 207 (1004). 


* t'hem. Zi ntr.y 1882, (>39. 



fn. u 

liydrochloric acid until it is just acid, and allowed to stand iintii flio 
oarbon dioxide lias oscapod. The liquid is then treated with ainnionia 
ill excess, heated, liltcred into a Hash, treated while still hot wilh 
calcium chloride until silicic acid separates, and the flask then closed 
and allowed to stand. If, after some time, a precipitate (calcium 
fluoride) deposits, this should be collected on a filter and dried, freed 
from admixed carbonate by ienition and extraction with acetic ai id, 
fitiil Ihni tfMcd iiocordiiii/ hi (he niel/ioil.i i/ircii in (j iinil 7 (II. Hose), 
F, Treadwell recommends the followine met hod of ,separating 
the silicic, acid and precipilatin.e fluorine as caliinm lliioride. The 
solution of the fused mass Is nearly neutralised with hydrochloiic 
acid, treated with a larf>e quantity of ammonium carbonate, sbehtiv 
heated and allowed to stand for 12 hours, .\fter tiltralion of the 
silicic, acid, the liquid is evaporated ton small I'csidue, and pbenol- 
jihthalein.solution added, whereby a red coloration i.sjiroduced. Hydro¬ 
chloric, acid is now added with constant Stirling, until t.he liquid is 
decolori.sed ; t.he mixture is heated until boiling (whieh causes the 

red coloration to re-a|ipcar), again 
decolorised wit li hydrochloric acid, 
and this treatment continued until, 
on boiling, the liquid is onlv p«/c 
pink, as the carbon dioxide has been nearly all expelled. .Afler 
the addition of calcium chloride, it. is boiled. The. resulting |ire- 
cipitate, which consists of calcium Iliioridc and c.ilciiim carbonale, is 
ignited on the lilter, extracted with acetic, acid, and then u.sed with 
concentrated sulphuric acid for the etching test according to li. The 
method described is suitable for use with other substances coulaining 
fluoride, c 7 . the jiho.sphates containing calcium fluoride (ajiatitc, 
etc.), after the addition of silicon dioxide, for without this addition 
calcium fluoride would, on fusion with alkali carbonates, be incoin- 
jiletely deconqiosed. 

1). Small (pianfities of fluorides may also be readily dei.eited in 
minerals, slags, etc., by means of the liliiirpipe. For this purpo.''e, a 
small roll of thin platinum foil is introduced into a glass lube, as 
shown in h’ig. 4t), and in it is placed the linely ground substance, 
mixed with powdi'red alkali pho.sjihatc fused on charcoal ; the blow- 
jiipc flame is then directed so that the products of combustion are 
conducted into the tube. In this process fluorides yield hydrofluoric 
acid gas, which can be recognised, not only by its penetrating odour 
and by the fact that tliegla.ss tube beconic.s dull (this is only noticeable 
after the tube has been cleansed and dried), but also bv the yellow 


I’lo. 40. 
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coloration jiivon to moist Brazil ivtml 'paper i when it comes into 
contact with t he oscuiiin^ acid air (liciv.clius, Smithson). Jn ilic case 
Ilf silirali’S i-oiitainuiif lUiorides. .so7/ro// Jhannle is produced, and this 
also {fives a yi^llow coloration fo inoistmied Brazil \voo<l paper placed 
in the tube, and causes silicic aiad to form a depo.‘<it. After the tiilie 
has been ^\ashed and dried, it will a]»pi‘ar opa({U(‘ liere and there. 
Miniuals <'ontainin<; watm' and small ipianlilies of tluorides, as a rule 
pnidiiro a N'rlloweoloration in moistened Brazil woo<l ]i.ip(‘r placed in a 
tnhe, closi'd at oin^ end and iieati'd wltlioiil. fiiitlnu’ aihlition 
(B,i‘rzi‘lius). 

to. With H'^cird to the methoils of (h'tectiiij^' small (|uantiti(*s of 
Ihioi'ides in rocLs. wliich di‘])ends on tin* hleaehin^^ action wliieli 
linoriiK* ion (‘xercisi's on the yrdlow coloration {•iven l)V fitanii* acid 
solution with liydro,”en ]iero\'ide ((h Steiger), jelcrence should he 
made to Ihe Zeit'^ek. anal. ('hem.. 55, 3t»S. 

11 . l*'or details of the nncrachennad (Jelrrf/on of (luorine. see 
liaiisliofer, Mil'ioslopisrhr lieaki ionen. }). .“lO; Ihdirens-Klev, 

Mikrocheniische Anabj.He, ‘ird ed., p. 177. 


Sec. 112. 

Samwiinj and Remarh'^ nn ./r;V/x, Crimp /. 

1 The barium salt.s of tlie acids of ilie third division of tlie first 
ei'oup are dissolved by livdrochloric acid without the i's<-ape or 
s(‘parat ion of the acid (distinct ion from the acids of t in' fourth group); 
they ar(‘, Ihmadore, re preeipiiat<'d unclianged bv alkali hydroxides, 
as also*by ammonia, wlien tliesi' neutralise tln^ liydnnliloric acid. 
The liariuin salts of the acids of the first division of the first group 
hehave in a .similar manner, and, if ]>rcsent. therefore, must he 
removed before' a conclusion can ]»c drawn as to tlie presence of 
]iliosj»liafe, Ixirate, oxalate, or lluoiine ion from such precipitation of 
a. barium salt. Hut (‘vmi apart from this, no gnmt valiii* can he 
uttaclnal to tins reaction for tin; idoiitilication of tin* anions imm* 
tioiied, and still less for tlu'ir distinction from other anions, as .some 
of the l>ariiim salts in question, (“sjieciallv barium borate and barium 
lluoridi*, are not precipitated from their solutions in liydroehlorie 
acid ])y ammonia, if tlie (piantity of free acid present is at ail con- 
siderabhy or if an animoniimi salt is present to any great, extmit. 

2 . Rone and is eliaracti'rised by llie i-oloration which it imparts 

' Brcparerl hy sal (in'llinr hx' Mi/r<l paper willi Brazil wn(»l (le<*of'li(in. 
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(lii'pctl)’ as boron fluoride or as boric acid ester to an alcoliol, hydrof;on 
or nonduniiiioiis I'a.s ilajiie, as also liy its aelioii on tiirnierio paper. 
Tile latter reaction is especially suitable for tlie detection of very 
Bin.all traces. It should be noted, however, that it does not t.ake 
place in the presence of nitrites and salts of other o.xidisinn acids. 
If ions of heavy metals are ])reaent, either a sutiliniate of .ammoniuni 
lioron fluoride must be prepared in a.i'cordance with Sec. 109, 9, or 
tlie ions which disturb the reaction must lie removed liy means of 
hydroven sulphide or ammoniuni .sulphide. If a dilute solution of 
boric acid is to be concentrated, the free acid must lie converted 
into borate ion by I he addition of alkali hyilroxidc, as otherwi.se the 
nreater jiortion of it will volatilise with the water vajiour. Small 
quantities of boric acid may be easily and deHiiilely detected by 
sficctroseopic e.x'aniination. 

The detection of pli(Xsjili<iti' loii in compounds which dis.solve 
in water is not dillicult, and the reaction with iiiaciiesia mixture is a 
suitable means. Thi' direct, detect ion of phosphate ion in conijionnds 
which .are insoluble in water is, however, not possible by means of 
magnesium salt solution, h’crric chloride is suitable for the, detection 
of phosphate ion in salts of the alkaline earth metals, and especially 
for the separation of phosphate ion from the ions of the alkaline earth 
metals (Sec. 107, 9) ; but for the detection of phosjdiale ion in the 
presence of the ions of aluminium or iron, as also for the, detection 
of small (piantities of phosjihate cenerally, a nitrii' acid solution of 
ammoniuni molybdate is especially suitable. W e must, hoAvever. 
emphasise t.he fact that it is essential that the directions be strictly 
adhered to in the ease of these two reactions. If phosjihate ion is 
present together with the ions of t.he fourth, fifth, or sixth group, it. 
can be seji.araled from them by the method described in Sec. 107, 11 
(by means of tin), or also simjfly by jirei'ipitatin.g them from their 
solutions by means of hydrogen sulphide or ammonium sulphide. 

4, Ox<dk acid m.ay always be readily detected by means of 
calcium siiljihate, solution in aijueous .solutions of alkali oxalates. 
The nature of the resulting jirecijnt.ate, which is insoluble in acetic 
acid, scarcely admits of any doubt, as a siinihar reaction is only given 
by raceniii' acid, an acid of rare occurrence. In eases of doubt, 
calcium o.xalate may be easily distinguished by gentle ignition in the 
absence, of air from calcium r.acemate, which is decomposed with the 
scp.aratioii of a considerable, ijiianlil.y of carbon ; cidcium racemate 
may also be dissolved in cold sodium or jiot.assium hydroxide 
solution, but this is not the ease rvith calcium o.xalate. Kiiither. 
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the behaviour of oxalates towards sulpliuric acid or manganese 
dioxide and sulphuric acid is a sulliciently confirmatory teat. The 
oxalate ion is detected with the greatest certainty in insoluble salts, 
wlien they arc decomposed hy l)oiling them with a solution of sodium 
carlmnate or ])y means of liydrogen sul])hide or ammonium sul])hide 
{Sec. 110, If) Finally, it must i»e uuMitioned tiiat there are soluble 
oxalates wlm-li are not ]U'eci])itate(l l)y calcium salts, namely, 
(.uromic oxalate and ferric oxalate. This tact depends on the 
formal ion of coinjilex anions, the calciuni salts of which are soluble. 
Oxalate ion may be detected in them according to Sec. lit), 3 or If). 

b. Fluorim ion may bo easily detected in .salts decomposahh' hy 
stilpliiirie acid, but it must be remcn\l>ered that too large a quantity 
of suljthuric- acid has a preventive influeiu’C on tlie read) evolution of 
hvdrogcn fluoride, and tlius impairs the sensitiveness tlic reaction, 
so fhat no clear etching of the glass will take place if. iiislcad of 
Iqdrogcn fluoride, only siln-on fluoride is formed. (“OMsiMpientl}', 
for tlic sake of certainty in tlie ease of eompoiinds lich in silicic acid, 
one of tln^ reactions mentioned in 7 should be used as woW as those 
descnhtal in Sec 111, (>. Fluoniu' is oftmi ovcrlookiMl m silicates 
which are not di'composed l»y sulphuric acid iiwmg to tin; omission 
of a careful examination acconling to tin* nuTlioils mentioned in 
Sec. in, 8. 


Skc. 113. 

Phosphorous acid, IlsVIIOg (Phosphite ion, rt> 3 lP 0 . 

1. riu' iinhijihi'lv of phosphorous orul, l^f^e (pho.sphoru.s tiioxiclc), is a 
uinto, Kiililimahio 2 >o\vdor, which hiirns when healed lu the air. With a 
little water, it forms phospliorons acid, a viscous liquid, which, on standing 
foi some time, crystallises and decomposes, when heated, into plioRjihoiic 
acul and ^.^aseous hydrogen jihospliide, w hieli does not igntti* sfsmtaneonsl). 
Fliosplioing trioxido 18 KNidily soluble in water, and is poisonous. Fhos- 
phorouH acid is diliasic, behaves in aqueous .solution in th“ same wa)- as a 
moderately strong acid, and, on dissociation, is only rediKas! on<‘ stagi*. 

- f>f the sails (phosphites), those of the alkali metals dissolve readily 
ui water, all the othcr.s with dilficuUy ; the latter dissolve m dilute acids. 
All these salts decompose on ignition, leaving a residue of jiyrophosphatcs, 
''hile hydrogen or a mixture of liydrogen and hydrogen pho.s]>hidc cscajics. 

3. tSilrer nitrate proiluces, especially on the addition of ammonia and 
when lieatod, a precipitate of nulallu' silver. 

4. Mirnirotis nitrate produces under similar conditions a precipitate of 
metallic nurenry, 

o. I'hospiiitc ion precipitates aftei some tune, moie lapidly when 

38 
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heated, mcrcnnms chloride from a solution containing an excess of mercuru: 
chloride. 

6 . Barivm chloride and cnlcinin chloride pioducc, on the addition of 
ammonia in not too dilute solutitnis, white precipitates, soluble in acetic 
acid. 

7. Ma{p)c.na mtxhirc gives a precipitate only in somewhat concentrated 
solutions. 

8 . Lend acelulc precipitates iclntc lend ■pho-'<phile, insoluble in acetic acid. 

0. A mlulion of nmnwiiinm moh/hdnle in nitric acid prodticcs, on beating, 

a >cllow crystalhru! precipitate, tiu; composition of which agrees with the 
formula (NH4)2[HP(Mo/>-)3].2IL(). Rosenheim, Weinberg and Pinsker, 
Zcitsch. nnorfj. ('hem., 84, ^17 : Zevir., 19H, 1., lOO-i. 

10. On boiling a solution of a pliospliite with i-xcess of stdphiir dioxide, 
phospliato ion is formed and sulplmr se[>aratcs. 

11. When brought into contact with zivc and dilute fodjdtunc arid, 
J)hos])hitc ion produces h_>diogcn containing hydnnjcn phosphide, wliirii 
thcK'fore fumes in the air, burns ^vith an eiiieral<l green flame, and pre¬ 
cipitates silver and silver piiosplnde fiom a suliilioii of silver nitrate. 
Kitrio acid influences the formation of hydrogcsi phosphide. If it is presimt 
in small ({uantity only, a little ferrous clilondc should be adiled fiist, and 
the zinc after a little while. Instead of causing the gius containing liydrogeii 
phosphide, to net upon silver nit rat(' solution, it may be brought into eontai t 
with filter jiaper saturated with such solution, or sized paper moisPned 
with it (11. Hager). If the (piantity of phosphite ion is small llie silver 
paper will only bcconu; black after some boms. It shoidd be noted that 
this blackening of the paper may also be caused by liyilrogen sulphide or 
hydrogen arsenitle. 

Fourth Division. 

Of thc frsl c/roirp of inorpunic ticid.^. 

Hfa'. 111. 

(a) Carbonic acid, (Carbonate ion. CO";j, hydrogen earltonate 

ion, llCO^.j). 

1. Carbon is a solid. lash^Iess, and odomh'ss .substance. It only 
molts and volatilises at the very liigbest t('ni[)eTaturcs (J)es])retz). 
All carbon is combustible, and wlieii burnt with a constant supply of 
oxygen or air, forms carbon dioxide. In the form of the diumoiuL 
carbon is crystalline, transparent, colourh'ss, exceedingly hard ami 
dilficidt to burn ; in the form of grnphilc it is opacpio, gn^yish-black 
in colour, soft, diflicult to burn, and greasy to the touch ; in the form 
of charcoal, obtained hy the deeoinjmsition of organic substames, 
it is black, opaque, non-crystalline, sometimes compact, lustrous, 
and diflicvdt to burn, sometimes, however, dull, porous, and easily 
burnt. 
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2. Offr/xJ/nc <(cid, 11 ^ 003 , is not known in ta pure comlition; it 
exists only in aqueous solution and deconijiosos (completely when 
boiled) into water and ankydikb'. At tlie ordinary temperature and 
the ordinary air pn^ssun*, c<nbo/if<' (it/hfdn'/lc {nirhon (/io.n'dc, aeeording 
lo tin; old nomenclature, earlionic, acid), t'O^, is a eoloinless gas, which 
is much licavier than air, so that it may be poured out of one vessel 
into anothe.r. Carbon dioxiile has a faint odour and an acid taste ; 
it turns moisleix'd litmus ])a])<*r ted, but the red cobiraiion disappears 
on (hying ; it does not supjiort combustion, but inimediatcfv ex- 
tinguislics a burning taper. Carbon dioxble is naidily absmbed ljy 
alkali livdroxide solution; it dissolves to a coiiMibnabl(^ extent in 
watei acid //vger Inis an acid, “ piickly " taste, turns 

litmus paper nal lompoiarily, imparts a wnu'-icd (olour to litmus 
liintiiic, and loses its (arboji dioxiib; when shaken iii a ilask lialf 
tilled uit.Ii air, and morii completi'Iy wJieii In.ih'd Carbonic acid 
belongs hi tlii' very weak acids, being al)out GO limes as wiaik as 
atelii- acid, and only disso(-iat(‘d to about 0'2'» }K“r cenl. in t)'l 
jV-solulioii. The dissoci<i(ion constants ar(‘ : b’or the liist stage 
:ip|ia.rcn(Iv i -‘i.ol.lo for the second Ko--G lO-^b 

b. (\ir(>t>/nc acid forms, as a dibasic acid, normal and ai id stdts 
(caiboiiatos and Jndiogcu < aibonates). TIic carlioiiates oi the alkali 
metals iiH'lt on ]j<'aling, and are sliglitly decomposed at a high 
t(‘mpcraluro ; thi? carbonates of the alkaline earth and lieav}- metals 
decompose, on ignit ion, into carbon (lioxidii and the oxides of the 
mel.ils All the oarlionates of metals the oxides of which are not 
coloiiicd arc wJiih' or (•oloiuless, Ut the carboiiat(“s, only those of 
the alk.ib metals arc; solulile in water, and owing to In drolysis their 
solulions give very strongly alkaline; icuietions. Ol the hydrogen 
carbonates, those of the alkaline earth metals and of sc;v(;ra) heavy 
iii' lals, us well as those of the alkali metals, dissolve m water; their 
solutions are deeonqiosed on lioiling, with the; formation or separation 
"I noi mal carbonates. 

I TI/c carbonafc'i arc dccDitt.ixtscd b/f all free acidS U'IkcIi arc 
soluble* in water, with the exception of hydrocyanic acid ; as a rule, 
this lakes jdace in the; cold, but in tin* case ol main of the natural 
carl)unat.(‘s, e.<j inagnesilt*. only on healing. In this itnH-c.'<s carbon 
dioxide escapes with cjjcrrcx'cncc as a colourless, praclicallv odourless, 
gas, which temporarily reddens litmus, hi this decomposition, espe¬ 
cially in tlio (aiso of alkali carbonates, an excess of the acid sliould 
be used, as Ibc* addition of too small a quantity of acid will often 
^ ('J. A. J’hiel and H. t;trohockcr, Zctlsch. ami. Chtin., 53, Gt7. 
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not produce elTcrvescence, owing to tlic formation of hydrogen 
carboijatcs. »Suhstam-’os wliich arc to he tested by this method for 
carbonate ion .shoulil first, be heated with a little water, so that no 
mistake may lie made owing to es(ui]ung air bubbles. If there is tlu^ 
risk of carbon dioxide escaping when )>oilod with water, lime-water 
should be used instead of pure w'ater. To confirm the fact that the 
esca])ing gas is carbon dioxiih' l)y a direct test, it should be introduced 
into lime or baryta winter, or a glass rod dip])cd into baryta water 
and inserted into the test-tul>e in such a way that its lower end 
reaches nearly to the rK[uid. If the gas is carbon dioxide, the lime 
or baryta wat<'r will iK'come turbid (see r)).i It should bo noted that 
bine and baryta water are renderi'd somewhat turbid even by the 
carbon dioxide contained in the: air 

5. When lime water and baryta water come in contact with 
carbon dioxidi' or soluble carboiiati'S, they yield V'/nlc prccipifaics 0/ 
calcinvi c<frbo)i<(li'y CaC 03 , or harivm C(nho)iaU', BaCO^. In testing 
lime water or baryta water for free carbon dioxide, an excess of the 
reagents should always ]»c used, as the hydrogen earl'Oiiales of the 
alkaline earth metals are soluble in water. After s(‘[)aration from the 
liquid, the precipitates which an' formed dissolve in acids with 
ctfcrvcscencc ; no precipitate, is formed l>y ammonia in the solution 
after the carbon dioxide has been completely expelled by boiling. 
For the dcteetioii of the minutest traces of carbonate ion, the 
apjiaratus shown in Kig. bo may be recommoiKh'd, a detailed descrij) 
tion of whicli is hardly necessary. 

The lube a contains soda-lime ; a fairly large quantity of the 
substance to be tested for carbonate ion is introduced with a little 
water into h, c remaming empty for the time Ix'ing. The apparatus 
is filled by siu'tioii with air, free from carbon dioxide, )>y means of a 
water punq) or an asjurator at d, a. little imu^ or baryta water fiiteied 
into 0 , and a small (juantity of bydroehlonc acid poured into tin'- 
funnel, whilst a slow stream of th(^ air (freed from carbon dioxide) 
is allowed to pass through the apparatus and b gently heated. As 
lime-water dissolves very small quantities of calcium carbonate, it 
is advisable to saturate it by digesting it with that salt for some time 
(Welter, Berthollct). 

fi. Calcium and barium chloride produce, immcdiulely tvkh alhdi 

^ The aenaiiivcnofis of the roaotion may l)e incroased by the use of th© 
apparatus mentioned by (). Rossler (/?rr., 20, 2a3n), but we prefer to use the 
apparatus described m 5 in eases in wliieh jl js a (piestion of the detection of veij' 
small quantities of carbon dioxide. 
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carbonules, only on hrating ivilh hydrogen carhoiiides (if dilute), pre- 
eipilales of calcium or hariuin carhntuile, Ca(or HnCO.,. No 
jirccipitation takos jilano with froe rarhonic' acid (a soiiit ion of c,\rl)oii 
dioxide in water). 

7. An aqueour xoluhon. of lead chloride pmdiieex in uquenux 
xolulionx of alkali caihojiatos and liyilroci'n Ciu honalca ot tin' alkali 
and alkaline eavlli metals, even when very dilute, a niilhg white 
/iieeijiitiite of lend eaihnnate, PliCO.j (11. Sehnizi'). Free e.irlionii’. aeiil 
iidlnenees or prevents the reaction. Acelic ai id dissolves the 
preci|iilate. (Distinction from lead snlphale.) 

S. For I lie del ection ol free eaihonic nent in the presence of hydrogen 






A 
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raihohaft\s, ji .solulion of ] ]>ail of rosohe acid in .'>()(> jmrls So per 
cent, nlcoliol (vv]ii(Ii hiis heeij trc.iti'd wilh l»:uvl;i wjUol- until a 
n'fMish coloration l>ei»ins to iip]}(‘:u) may be used. On ailding—for 
iiisldincc, in tostiici, K))nn^ water about O'b c c oi lo.soltr acid 
siihiilon to bO c.c of \va{d*r, a coloinloss, or ai tin* must pale yellow 
liquid m obtained if th«^ water coiitains freo caibonic acid and no 
lai'Di* ([uantities of hydrogen carbonate ion ; * if, liovvcv«‘r, it contains 
no free carbonic acid, but only liydrogon caibonates. the liquid 
becomes red (M. v. rettenkofer). IdicwAidtihalcin behaves in the 
same manner as rosolic acid. A lupiid to which jdienulphthaloin 
has been added, and which contains hydrogmi carbonate, but no free, 
ca/hoHi<; acid, is red. Free earhon di(r.ride. caases the colour to d}S(q)penr. 

* J. Tillmans and O. Ilcublein, Zeiisch. anal. Vhem.^ 61> <»yi. 
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0. 'Pho (IctfH'tioii of /m* rurhonir. uad or of h)f(lro(}cn nwhohales in 
the frfiscwc of cnrhondh's is Imsed on the. fact tluit NrsAcTs (t7mnonia 
reacfio7i (see Se(“-. 30, 10) dnos not take jdace when free carkonir 
aej<l or hydrogen carkonntos are present [rf. Salzer. Z«-ilsel(. anal. 
Ohi'ni., 20, 227). 

10. For details of tlie ^n.icrocin'inic.al drlodam fd' en,rl>oiii(^ acid, se<‘ 
JTaushofe.r, MUcrosl:oi)i.scJir Hailhonm, p. (IG; Ikdircus-Kle.y, 
Mikro^hojnsche A^ialysr^ .‘3r<l ed., p. IGT. 

Appendix. 

The road ions of the carkonates are also produced ky per- 
Ca.rbon£ttes (perc.irbonaO* ion, (.U.)''(;), as ])crc*u'konates in solul ion 
are decoinpose«l into enrbonafe and liydroecn peroxide 

'I’lie, oxidisine ad-ioii of p(‘j'eaj lanudes is cliaraeieristie. of tkein. 

When treated wilk polassia-ni. dichromatv and slniken witli ether. 
perearl)onates i^ive a klne coloralion to the layer of ether. They <io 
not lil>erat(^ iodine from pofa.'<sniin iodide in neutral solution, bul^ <lo 
80 on ai iilitication. 

Polas.siam pennaiajanale sohaion is decoloris(‘d, with the. separation 
of manganese dioxide; l1ie separation does not take place in aead 
sol uiion. 

Percarkonates give no reaction with henzidnie .<iolation. With 
tiUmiimi trichloride, Tif l^, tliey produee a red coloration (Afonnier. 
(dmn. Znilr., 1917, 1.. G91). 

With manganous, nickolous, and (‘okaltoiis salts, <lark pre(-i[>itates 
of higher oxides are produc(‘<l. de/w/s' chloride is coloureil yellow 
(c/. also Leuz and Rieliter, Zcilseh. anal. Cheni., 50, 537). 

Sec. 115. 

(b) Silicic acid, (ortliosilnae acid, H^jSiOj, and metasilicic acid, 

1128103 ; orthosilicate ion, 8 iO"" 4 , nietasilieal** ion, SiO^'g). 

1. Silicon is known in an amorphous and a crystalline modillca- 
tion ; in the. amor)dious eomlition it is a krown ]) 0 \vder, wliich is 
oxidised on ignition in the air. (•rVvStaUine silumn forms black, 
metallic, lustrous oetakedra, and remains unchanged on ignition in 
the air. Silicon is not attacked hy acids or oven by concentrated 
aqueous kydroiluoric acid; on tlie other hand, it is dissolved by a 
mixture of nitric acid and kydrolluorii; acid; it is readily dissolved 
ky hot solutions of potassium or sodium hydroxide, with tlic libmation 
of hydrogen and the formation of alkali silicates ; it can he volatilised 
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in a current of chlorine as silicon ililoride. Silicon combines with 
many metals to form sj7?c«hw, which can be decomposed by acids. 
Silicon carbide (carborundum), SiC, i.s stable on ignition, and is very 
re.sistant to ai;ids ; it is dcs ompo.scd on fusion with sodium hydroxide 
or sodium carbonate. 

Oilliosihcic acid, If.jSiOi, and mcla.sdicic, acid, IfubiOj, are 
]}roduccd in the, form of a »elatinous mass by the hydrolysis of 
silicon fluoride, and by tlie decomposition of alkali silicates with 
dilute acids ; t hey are both easily .soluble in water and acids, with the 
formation of colloidal solutions ; on drym;; they lose water, and on 
ignition are converted into xilieic, anhydride, xilimn dioxide (Sit) 2 ),.. 
Sdicon dioxide, often called .vi/n le. acid according to the, older nomen¬ 
clature, is colourless or white, does not change even in the hottest 
part of a Ibuisen or blowjupc llame, and is infusible. It melts in an 
oxyliydrogen tianie. It volatilises at a very high temperature 
(K, framer, H. .Ifoi.ssan). It occurs in the crystallised (roi k crystals), 
crvsialline (quartz), and aniorphoiis forms. It is insoluble in water 
anil acids (with the exception of hydrofluoric acid, which dissolves 
amorphous silicon dioxide easily, and the crystalline form with more 
diHiciilty), whereas ortho- and metasilicic acid.s are soluble in them, 
although only at the moment of .sctiaration. Amorjilious silicon 
dioxide and the silicic acids dis.solve in hot aipicoiis solutions of 
alkali hydroxides and alkali carbonates ; this is not the ca.se with the 
crystalline silicon dioxide, or only when it is very finely divided 
(tr Lunge and f. .Millbcrg). Ammonia .solution dissolves gelatinous 
silicic, acid fairly easily, dry silicic acid and amorphous silicon dioxide 
more sparingly, anil.crystallised .silicon ilioxidc very slightly. Silicic 
•acid belongs to the weakest inorganic acids. 'I'he ,wi/<.s of silicic acid 
(silicates) are derived from ortho- and metasilicic acid, as also from 
vaiious polysilicic acids. I)f the silicates, only those, of the alkali 
metals are, soluble in water ; they are obtained by the fusion of 
silicon dioxide, or silicic acid with alkali hydroxides or alkali car¬ 
bonates, anil owing to hydrolysis give a strongly alkaline reaction. 

•'). The .Holutiom of ulhdi silioalex are dcaunpoxcd by all acids. 

1 f a large quantity of hydrochloric acid is added, all at once, even to 
concentrated solutions, the separated silicic acid remains in solution ; 
if. on the other hand, t/ic hydrochloric acid is added drop by drop while, 
the solution is beiiiy stirred, the grerder portion of the silicic add will 
separate in a qelatinoiis form. The more dilute, the liipiid, the more 
tlie silicic acid remains in the colloidal condition ; no precipitation 
takes place in very dilute solutiona If, however, the solution of an 
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alkali silicntey treated ivith an excess of hydrochloric or nitric acid, m 
evaporated to dryness, silicic acid will separate in the proportion in 
which the acid eseajyes ; when the residne is dried at lfK)° and then treated 
with hydroeldorie acid and n'<tterA the silieir acid is left in the form of an 
insolahle while powder <f silieon dioxide {see 4). Jf tliP solutions of 
alkali siliratos nro troale<l with iunmonuim eddoridc, silicic a(ml <tpI 
containin^^ alkali will 1 m‘ inocipitatod (if the solutions are not too 
dilute) ; lioatinj^ [>roinotos the se[)ai'alion. Silicic acid is less coin- 
plctcly separated by annnoiuion earhonafe ; the last traces of silicic, 
acid may be r<‘inoved by boilinij, the mixture willi an ammoniaad 
zineafe solution, wherelty zinc silicate and zinc liydroxide are 
precipitated. 

4. Some of (he sdicates nisiduhle in U'aler arc decomposed by hydro¬ 
chloric or mine and ; others are not attacked by these acids {or scarcely 
.so) even when boiled. During decomposition of the former, tlic or<‘al(M‘ 
jMjrtion of tlie silicic acid i^imerally s(‘]iarates as ycl, less frcqucnllv 
as pulverulent silicic mad. To separate it entirely, the hydroeldorie^ 
acid solution, toj];ether witli the precipitate of silicie^ acid suspended 
in it, is evaporated^ to diyness, heated, while bein'j .stirriMl, at an eren 
lemjwrature {sliyhfly exceediny the hoiliny point oj water) until no more 
acid vapours escape, the residue moi'^teneil with, hydioeldoi ie acid, 
heated with leafer, and the undissuleed silicon dioxide filtered off from 
the acid liepiid containiiyj, tlie metal ions Of the silicates not 
decom])Osahlc by livdroi-hloric acal, many, e.y. kaolin, arc complcteOv 
decomjiosed when h(‘ate(l willi a mixture of 8 jiarts of concentrated 
sulphuric acid and 1] j)aiis of water, wlnlst pulverulent silicon dioxide 
is separated ; many others are, to a certain extent, attacked hy this 
mixture. If silicatiss, wliich are not deeonifHi.sod wheu hoik'd w'ith 
hydrochloric or sulphiiiic acid in an o[>cn vessel at tlie ordinary 
atmospheric pressure, are heated in finely powdereil form willi acids 
in strou" glass tubes (closed liy fusion) iii an air or parallin oil batli 
at 2(X)° to 210°, mo.st of them are comjdetely decomposed. 

T). On fusing a finely ground silicate with 4 jiarts of alkali 
carbonate (preferably potassium sodium carbonate) until carbon 
dioxide no longer cscapi's, and hodiny the mass with water, the yreater 
portion of the silicate ion will dissolve as alkali silicate, whilst tlic 
carbonates of the alkaline, earth metals, the oartlis (with the 
exception of aluminium and beryllium oxide, wliicli are more or 
less completely dissolved as aluminate and beryllato ions), and the 
oxides of the heavy metals remain nndissolved. On treating the fused 
^ Of. p. Urt, second paragraph. 



SEC. 115 


SITACIO ACID 


441 


mms with water and (without fiUration) addimj lujdroehloric or nitric 
acid until the reaction u stronifhj acid, and treating the hqnid as in 4, 
silicon dioxide remains undissolved, while the metal salts dissolve. If 
lli(' mass is fused witli 1 parts of harinm hgdroxide, (ligcsiod with 
^vat.(‘r, hydroi'lihmie or iiitrie arid added, and the acid solution t reated 
a(“eordtng to ■^1. silicon dioxid<' is also separated T1 h‘ nndal ions, 
<'S]»eci:iliv tlnise of tin* alkali metals, wdl tlxni he found in the 
filtrate. 

If a silij-ate is ground up with I ])avfc of ammoniunt chlonde and 
8 ])arts of calcium carhonate, and the mixtur(' heated in a jdatimim 
erueihle, gently iit first, ami then witli a full flame, the silicate is 
dceompoHcd Tlie solution obtained on treating the residue, left on 
ignition, with liot water contains alkali metal ions as well ns the 
dis.solved (‘alcium ions {.) L Smith). 

t» Ihf livuling silicon hgdioxidc with hydrofluoric UCid tn eoncen- 
holed (t((aeoas sidatlon or as a gas, sdicov Jiuoridc csntjxs : 

Si()o-l-niF Sih\ 1-211.0 

ddote acid dissolves it in the form of silicohijdrojlaonc and: 

SiOo-i (IIIK- If.Sih’o-l ^H.O 

On < cajHtratin<i the solution to drgness, there will he no lesidne if the 
silieon dioxide and the hydndlnoric acid were pnrt* and the, latter 
piedominaie<]. When silieates are treated with hydrollnoric; aciil, 
silieofliiorides are formed. ('aSiO;cl -f^aSiK^-! ‘ULO, which are 

(oiivei'ted into sulphates when eva[)orated with (‘om'cntrated sul- 
]ihuri(‘. arid, wdiilst hydrogim iluorhie and silicon ilnoiitlc (‘scape. The 
residtin^ sulphat(‘s may he used as a. suitalih‘ matei iai for the detection 
of alkali metal ions. Further, when a silicate is niixtsi with 1) ])aits of 
ommoninm flaorfdc or with 5 parts (d Jlnorspai poinit r, stirred to a 
])aste with eoncenhated- sidphnne ac/d, and heatt'd until vapours no 
hniger escape, tlie sili(i<' acid will all volatilise as silicon lluorkle. 
The, rt'sidue. will contain the cations in the foiin oi sulphates, in 
admixture with fahiuni sulphate, when lluorspnr was used. 

All tin' tvsts described in G must he carried out in platinum vessels, 
and all (‘vajauations mnsi take place in a fume cupboard or ]»rcfcrably 
m the open. 

7. When one part of finely powd<*red silicon dioxide or silicate is 
mixed with about 2 jiarts of powden'd sodium aluminium fluoride 
Iree Irom silicic acid, Ka.pVIKc,i ergohte, or w'itii jlinnspar, CaT^, ike 
miiinre gently heated {so that it does not sjjirt) with '1 to G parts of 
(oncenlrated sulphuric acid in a platinum crucible, and a strong 
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platinum wire with a drop of water aiisjiended from its round, freshly- 
ignited loop is held close to the surface, the drop of water will soon 
bo covered with a white coating of silioic acid, owing to the decom¬ 
position of the escaping silicon lluoride (Barfoe.d). (■/. Sec. Ill, 7. 

The detection of silicon dioxide by its conversion into silierni lluoride 
is not jjartiunlarly sensitivt; in the examination of ipiartz, as hydroliuorie 
acid has a very slow action on quartz powtler. K Daniel ‘ recommends, 
therefore, that every substance to bo tested for silicic acid should be fused 
with 3'times its quantity of sodium jiotassium earbonate. The fused mass 
is taken up with a little hot water and almost coinpletoly evaporated with 
dilute sulphuric acid in a platinura orucilile. When cold, the residue is 
treated with 3 times its quantity of i-alciinn lluoride, a little magnesite, 
and sulficient concentrated sulphuric acid to form a thin paste, the whole 
stirred with a platinum wire, and a small dro|) of water placed on the inside 
of the lid, which should be partly coated willi asphalt lacquer. After 
replacing the liil, the crucible is heated on an asbestos pla.te over a small 
llame, and the lid lifted from time to time, in order that the occurrence of 
the reaction may not bo missed. 'I’he reaction becomes noticeable by the 
npisiarance of a white edge of silicic acid round Ihc droj) of water ; in the 
presence of considerable quantity of silicic acid the whole drop becomes 
gelatinous. 

8. On faxing xilicon dioxid-c or a xthealr of tlie alkaline, cart.li 
metals or heavy metals with sodium carbonate on a loop of platiimm 
v/iie, frotJiiiig takes jilaco in the melting bead, owing to the escape 
of carbon dioxide. 'J'ho bead obtained with pure, silicon dio.xidc 
is alwa}’s clear while hot. that produced by .silicates only clear when 
they contain a large quantity of silicate ion (a.s e.g. the felspar 
minerals). The question as to whether the bead remains elcaf or not 
on cooling depetuls on tlie proportional relationship between the 
silicate ion, and sodium ion, or other metal ions. 

9. Melting alkali phosphate only dissolves silicon dioxide in 
small quantities. If, therefore, a xiherUr. (but not precipitated 
amorphous silicic acid), jireferablv in small pii'ces or splinters, is 
fused with alkali phosphate on platinnm wire, although the cations 
dissolve, the greater portion of the. xilicon dioxide remainx. ax a rule, 
undissohed, and floats in the clear bead as a more or less transparent 
mass in the form of the piece oi silicate, used, forming the so-called 
“ silicic skeleton." 

The reaction is not very trustworthy, a.s many silicates, e.g. 
zeolites, dissolve, forming a clear solution in the bead, whereas 

' Zeitach. amry. Vhem., 38, 302 (1004); cj. also ,1. I'ctcreen, Zaheh. anal. 
C'liem., 43, UlO (1004). 
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various minerals free from silicon show a similar lioliavionr to that of 
llic characteristic “skeleton formation'’ (K. Hanshofer, .1. Hirsch- 
walil, Zt'ilarli. <in(d. CIh’ih., 29, .‘(18), 

10. With recant to the wirrorhoiiifiil ihii'clioii of silicic acid, see 
llaushofer, Mikrmlopinclir Pridiioiirv, ]i, 120; liehren.s-Kley, 

Mikmclinuixclii' Aiiali/ar, 3nl cd., ji. loti ; N. Schooil. ZOlsch. uiinl. 
I'lwm., 48, 072. 

Sko. IIG. 

Eiimmary and Pfwarkf; on Acah, Orotip I. 

1. Fnr aarha'ii diojidr mav he easilv re( iicnised hv its behaviour 
towards lime or baryta water, and the, cailioiialcx by (he fact that, when 
ticaled with acid.s they evolve an almost odourless gas. Many 
natural caibonalcs. eg. magnesite, an; only dccumposed by acids 
when heated. If com|iounds are, being dealt with fiom which other 
gase.s aie simultaiieonsb' di'\elo|ied, tin' gas shonhl be (esieil with 
lime or barvta water. 

2 Silicic acid may generally be recognised by its behaviour, and 
lhat of its salts toward.s alkali |ihosiihate (c/.. however, the end of 
Sec. 11.0, !i). Moreover, it is distinguished, m the form in which 
il is obtained in analysis, from all other snbslances, by the fact that 
it is insoluble in acids (with the exception of hvdrolluoric acid) or 
III fused potassium hydrogen sulphate, but di.ssolves completely in 
boding solid ions of alkali hydroxides and alkali carbonates ; it is also 
distinguished from nnany ot.lnus (especially alumina and titanium 
dioxide) in that it evaporates completidx' when evaporated in a 
plaiiuniji dish with hi drotluoiic acid, after the addition of sulphuric 
acid (or with amiiionmin fluoride and sulphuric acid), 

Second (ruoup oe Tnoro.^nio Acid.s. 

Anions which are precipitated by silver nitrate, but not 
by barium chloride. 

ni/droc/doiic acid, hydrohivnuc acid, hijdiimlic acid, kydrocijanic, 
acid, fern)- and fcrrilii/drocijaiiic acid.s, lliiijcijanic ac.id,s, lii/dnixiiljdiiiric 
acid, or chlorine, ion, bromine, ion, iodine ion, cyanogen ion, ferro- 
cyaiiogen ion, ferricyanogen ion, thlocyanogen ion, sulphide ion 
(nitrous acid, hypochlorous acid, hypojihosphoroiis acid, hj’dronitric 
acid, or nitrite, hypochlorite, hyjiophosphito, azide ions). 

The silver compounds corresponding to the acids mentioned are 
all insoluble in dilute nitric acid. 
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Sec. 117. 

(a) Hydrochloric acid, IfC'l (Cliloviiip ion, Cl'). 

1. Vhlnrivr. is a lioavv, yfllowish-pi'ocn fras, of an nnploasant, 
siifl’ooat-ins odour, inul wilfi an oxtroincly injurious action on flip 
rpS|iiratory oryans ; i( lilcaidips veootalilc^ colouring niatlcrs (litmus, 
indigo lilup, etc.), is non-(’<jni)>n.sti))Ip, and supports tlio coinlm.stion 
r»[ onU' a few suhsliiinips. i'’ini‘ly diviiled antimony, tin, pl(\, ignite 
in it and liurn io chlorides. It <lissolvos in water in considerable 
fpiantity. The c/diuinc ?cu/cr thus formed is jiale vcllowisli-grcen, 
smells strongl}' of tin- gus. bleiiche.s r'cgctable colouring miitteis, and 
decompo.ses slowly mnlcr (he .-ii-Con of light, with the lormation of 
the lon.s of hydrochloric acid and hvpoc.hlorous acid, TftIO, the latter 
then decomposing again into hydiogen chloride and free oxygen. 
Chlorine water loses if.s odour \vhen shaken with mercury, in which 
process the lat ter is jiaitly converted into nn‘rcurons chloiide ; any 
hydrochloric acid contained m chlorine water niav be recognised 
hy its acid react ion. Small i|iiant dies of /icc r/ilitrhir may he easily 
delected in a liipiid, if tin' latter is added to dilute, slightty bluish 
?ji(/iV/u xolidioti, which loses its colour by the action of the free 
clilorine ; or (in the absence of nitrous acid anil other compounds 
wliicli decomjiose iodides) if it is added l-o a diliit.c solution of 
jxilaxxiiiiti, nr zinc iodnh'. mixed with xhur/i /ni.slc. whereby a Uiic 
cohrci/imi appears (see See 11b. 11) : the latter reaction may also 
be carried out with jiiiliissiinii iodide xlnrch pnixr. tsmall quantities 
of free chlorine in an iicilic nail soliilion of iniilinc and o-lijluiihnc 
produce a hliir cotonilion, which turns red on standing. The reaction 
also apjiears when a strip ol paper moistened with the reagent is 
e.xposed to chlorine vapour. (Kree broinine prodiii'es a white pre- 
eipilatc with the reagent.) To |irepaic the reagent. Kill c.c. of a 
saturated aqueous solution of aniline arc uii.xed wilb i!0 e.c. of a 
saturated aqueous .solution of o-toluidine and .‘SO c.c. of glacial acetic 
acid (A, Villier.s and .M. Ii’ayolle, Zcilxch. inuil. ('hem., 34, 007).* 
If a stri|) of jiaper moistened with a .solution ol /lo/anxinm hromidc is 
dried, then diii|ied into an O tll per cent, of an amiuoniaeal alcoholic 
xoliHion of Jlnorcsrcin. and, when dry, exposed to the vapour of free 
chlorine, the jiaper assumes a pink coloration, because tlie bromine 
liberated from the btomiile converts fliiore.scein into eosin (cf. 

r Ferric chloriilo and nitritea also produce a blue coloration (Eilnia and 
Hauser, Chrm. Zentr-^ lOU, IT., fiOO). 
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Sec. llfi, 11- (tiinassini, Chem. Zcutr., 1901, I., llTll). On aililiiif' 
a solutioji coiitiUiiiii*' frc'i; chlorine to a siilpliiii'io acid sohduiu oj 
magenld, ticated with acetic acid, the mixture becomes yellow ; when 
the liquid is shaken with chloroform, (his absorbs the eolouicd 
jiroducts. (In the presence of bromine a reddish-violet coloration is 
jirodueed ) To prepare the reagent, 10 c.c. of a tl’1 per cent, solution 
of magenta is added to 1(X) c.c. of .5 jier cent, sulphur dioxide solution, 
and 2ri i c. of the decolorised .solution mixed with ‘2~i c.c. of glacial 
acetic acid and 1 e.c. of siiljihuric and (<<. Deniges and Ij (.'hellc, 
(’hem. Zenir., 191.‘(, I., 127). Free, chlorine' is i-oiuerted, when 
treated witli an excess of iiinmonin, with alkaliiu' Injiliojien peiojAde, 
.■mldlio)!, with salphur ilitixnle, or with 'Joe, and .•niliihurtr, acid, into 
chloride or hydrochloric acid, and then .shows the reaction of chlorine 
ion described below. 

2. Ilydwj/en chloride (liydiochloric acid), 11(1. is, at the ordinary 
tenqicrature and atmosjiheric pressure, a colourless, sullocating 
and irritating gas, which is readily soluble in water and forms dense 
fumes in moist air (especially wdth aminoiiia vapour). 'The concen¬ 
trated aqueous .solution (fuming hydrochloric acid) loses a large portion 
of its gas when heated. Aqueous hydroehloric acid is the typical 
strong acid. It is dissociated to the extent of about !)2 per cent, in 

II 1 iV-solution, even at Iff'’. 

'The of hydrochloric acid (chloridex) arc easily soluble 

III water, with the exception of lead, silver, cujiroiis, mercurous, and 
thalloiis chlorides, as also bismuthyl chloride aiul .intimonyl chloride. 
All chlorides which dissolve with ditlicultv are, with the. exception 
of silver chloride, dis.solved by aqua teyia. .Most chlorides arc while 
or colourless, many volatili.se on heating without deioinpo.sition, 
othi'i's are decomposed on ignition, and manv resist (lie. action of a 
modeiate ignition tcniperat lire, Thediy soluble i hloiidesarcdccom- 
[losed l)v concentrated sulphuric acid with the e\'olutioii of hydrogen 
chloride gas, .sinec Hiilidiuric acid, although soniewdiat the weaker 
acid, is iniudi less volatile than hydrochloric acid In the same way, 
dissolved chlorides are converted into sulphates on evaporation with 
suljihiirie acid, whilst hydrochloric acid csca|ii's. 

■1. Hydrochloric acid and nearly all .•ioluhnii.t of ehlo/ide.^ yield 
with silver nitrate, eren when very dilute, a white jiieei yilate of silver 
chloride, AgCl (ef. Sec,, 70, 8), which becomes first violet and then 
black in the light, is insolnhle in dilute nitric acid, but leadily soluhle 
in ammonia .'tolution, and in potassiiiin cyanide and pota.ssiiiin 
thiosulphate solutions; this precipitate dissolves also in a boiling 
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solution of amnioniuni scsquicarbormtc i (i4. Ifagor), and mults on 
heating, without decomposition. Chlorine ion is incom])lctcly jne- 
cipitated l)y silver nitrate from a solution of green chromic chloride. 
(Pcligot) and of mcrcurii^ chloride; it is not [ireeipitated from a 
solution of molybdenyl chloride, AIo() 2 Cl 2 , in sulpliurie acid (IMom- 
strand). In the case of strong reducing ♦•ompounds such as ferrous 
sulphate, the test for chlorine must be carried out with silver nitiale 
in strong nitric acid solution, us otherwise a separation of imdallit' 
sjlvei;vvill occur ; it is best to [)rrrij)itate it from sucli a solution wiili 
sodium carl)onate, to lilter the liquid, to t(‘st the filtrate with silver 
nitrate afii^r aeiibfication with ni(ri<-, acid. Silver nitrate prccijiitalcs 
from auric, chloride solution, even in tln^ presence of nitih: acni. an 
ochre-yellow double, compound, containing silver, gold, and chlorine. 
l’latin()-liydro(hlori(5 acid beliavc's m a similar manner. 

r>. Mercurous nitrate and lead acetate produce in solutions r<ui- 
taiiiing free hydroidiloric acid or chlorides precipitates of ■iiwmirons 
cfdoriile^ ililA and /cud cJdoi /d<\ For the propca tles of these 

jirecipitates, see Secs. 71, (>, and 72, H. J^ead acetate precipitates am u; 
lead chloride from auric chloride solution. 

6. When a mixture of one volume of 10 jier cent cupric nidjdnilc 
solution and 10 volumes of cuuccntruhA sidphuric acid is treal:e<l with 
a few dro[)S of a chloride solution, a yellow preeiiiitate is fornu'd 
(bromides give a blade precipitate (U. ^■Jardt. iSee Sec. 7-'), 13). 

7, Elementary cJdorine is liberated from hydrodiloric acid and 
chlorides by oxidising reagents, such as potu-xsiuvi dichroin<il>\ 
potassium permangaiude, and the peroxides of heavy niclals (cf. Oxida¬ 
tion, Sec. 16). Thus, on hcafivy hydrochloric acid with manganese 
dioxide (l)lack oxhie of manganese) or lead peroxide, or on heating 
chlorides with manganese dioxide or lead peroxide, and fairly eom-en- 
truiod sulphuric acid, c/dorutc yub- is evolved, wliicli can la; easily 
recognised by its yellowish-green colour, its odour, and its bleaching 
action on vegetable colouring matters. To identify the gas, a strq) 
of moist litmus paj>cr, or moist paper cobmred with indigo solution, 
should be exposed to its acl ioii. On heating chlorides witli tnanganc.be 
dioxide or lead peroxide and acetic acid, no chlorine is liberated. 
(Distinction from bromine and iodine.) In the oxhlation of liyilro- 
chloric acid by nilnc acid, tlnui' is foniujd, in addition to free chlorine, 
nitrosyl chloride, 3ll(’l [ llNO_j ~'t'1^4-N0(Jl-f2IJ2O, owing to 

' To proiiare this, one ])art uf coiiiiin rciiU transpiirent .unuionium carbonate 
is diHaolvcd in 1) [)arts of water at the ordinary tempiaatnie, and to each 10 c.c. 
of the liquid 5 drops of aiiuoous ammonia solution of sp. gr. 0‘90 are added. 
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liv-rcactions. A mixture of one volume of cotK^ciitraled nitric, acid 
and three volumes of concentrated hydrochloric acid is termed itqiia 
rr()i((, owing to its power to dissolve gold and platinum. Its strong 
oxidising action is due to the fact that chlorine is present in its nascent 
condition (see Hec. 10, p 03). 

8. ^\'hen a solid chloride is ground with halt its weight or a little 
more of potassium dichromate, the v'holc, dr;/ mixture. l ciivercd in 
a small dry retort provided with a tuhuluro with cnneAuiJruled sulphuric 
acid and i/enlly heated, e.hrunn/l chloride, ('r()^(t|.j, is formed as a dcci) 
hrow)iish-red i/u.s. It condenses to a liipiid of the same colour, and 
distils into the receiver. If this dislillute i.s mixed u’ilh tiu e.ar.ss n/ 
ammoviu, a liipiid, coloured yellow hy the atnnionium chromate, is 
olituined in accordance with the eijnation : 

('rlM'l.j+4NIl4(.)It--=-2.NIll.j(I |-(Nil,,)..<'rl),-|-:lIlit) 

This \ellow colour turns reddish-yellow on the addit ion of a.eid, owing 
to the formation of diehromate. ion. As a further eonlirniation, the, 
solution may he poured into liydrogen peroxide solution with a layer 
of ether over it, and .shaken, when the ehroiiiale ion will ho recognised 
hj' the hiue coloration of the la\ or of ether. The deteeluiu ofehrmnule 
ion mdientes the presence of chlorine ion. as no volatile ehromium 
coni|iouiid can be formed, without chloride. In testing iodides tor 
elilondes, the, use of alkali hydioxide solution is jireferable for the 
decomposition of the, ehromyl chloiide, as iodine, forms ex[do.sive 
eoinponnds with ammonia. iSjiaringly soluble chloiides, such a.s 
silver and mercurous chloride, and also mercuric chloride, do not 
form ehromyl chloride : its formation is influenced by the jire.scnco 
of ml rues, nitrates, and chlorates. 

tl t'hlorine ion is ileti'eted in ehlortdes which are insoluble 
III water and nitric aeiil, by boiling them with sodium vurhonule 
solution or fusing Ihein with an alkali carhonute (preferably sodium 
carbonate). Water will then e.xtract the, rc.silltiiig alkali chloride, 
together with the e.xeess of alkali carbonate from the fused mass. 
Hdrer chloride is only decomposed by fusion, or hy treatment with 
zinc and dilute sulphuric acid. 

It). Many non-eleetrolytes, such as the m id chlorides (I’Clj, 
Aa(t|.|, etc.), which do not show the reactions of chlorine ion, are 
decomposed by water with the formation of hydroehloric acid, and 
may then be delected as such Organic chloro-siibstiliition products 

^ The reaction is only successful in the absence of niorsture, as otherwiso the 
clu'oiiiyl ciilonile would be decomposed. 
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should be ircatcd according to tlio methods of organic analysis, that 
is to say, either fused with alkali carbonate or ignited with lime, 
or else heated witli nitric acid ajid silver nitrate in a glass tubet 
closed by fusion, at a higli tcjiiperature, whereby silver chloride is 
formed. 

11. On dis.solving sidlicicnt cupr'w oxide on a plalinuni wire in 
the oxidalion area of the gas tlaine in a bead of alkali phosphate, 
HO that it becomes nearly 0 ]>a(]U(‘, then bringing a trace ot a substance 
containing chlorides into contact w itli tlio still fused bead, and heating 
it in the rcdmlion ana of tlie flame, the bead will be surroundi'd 
with a Jinc blue Jlanu', shading into purple, so long as eliloride is 
present (Berzelius). 

12. With regard to the inu'wcheniauil dcleclion of ehlorine ion, 
SCO Hausliofer, Milno.skopischc He<iktionni, p. 17 ; Belirens-Kley, 
Mihrochcmoiche A}iahj.n', 3rd e<l., p. 172; A. iVrey Smith, Fl/ane, 
Zicntralh., 27, 038. 

Sec. 118. 

(b) Hydrobromic acid, llBr (Btomme i..n, Bi'). 

1. Iiio}niHe IS a lica\y, dark browmsii-u-d lu^unl. it Jias .i ve\y 
unplea.saiit odour, similar to that of eliluriiK^, lioils at 03 , and 
evaporates raphlly, even at tiie ordinary temperature. Ihaunne 
vapour is brownish-rofl and very poisonou.s. Bronuiug like chlorine, 
bleaches vegetable colouring matters; it dissolves fairly easily m 
water, more readily in concentrated hydrochloric acid and in aleuliol. 
and very easily in ether, carbon bisulphide, and cliloioform to form 
yellowisli-red solutions. Ether, carixui hisnlpliide, and ciilorofonn, 
wlien shaken w'lth an acpieous solution of bromine, extract flic 
bromine from it. Bromine waiter, like cldorme water, is decomposc<l 
by the action of light; vlien shaken witli mercury, tlic free brumiiie. 
is alisorbed, and any hydrobromic acid present may llion be deteided 
b}' tlie acid reaction. Erec bromine is converted into liydrobromu^ 
acid in tlie .same wny as free chlorine into h}ilrochlori(^ acid (cj. 
Sec. 117, at the end of 1). 

2. (Jamais Injdropen Zirtmm/c, HBr, aqueous hydrohrouiic acid, and 
the bromides closely resemble in their general behaviour the coiic- 
spending cldorme compounds. Hydrobromic acid is a strong aciil, 
and, at all events m aqueous solution, is as strongly dissociated as 
hydrochloric acid; it is more easily oxidised than the latter, and 
oven on standing in the air it slowly turns yellow. Dry bromides, 
or their concentrated solutions, when treated with concentrated 
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fliilpluirio .icid, ovolvo liydroffcn bromido, wliicli ]iarti:dly voacls 
wiHi .sulpliuric, acid to form sidplmr ili<ixidc and free limiiiivi’. 

.'J. Silver nitrate prodnoos in mpicous solnlions of hydrobromic 
n<ad or ])roniidPR a yiRairiAi irjnlr precipt/iih' of iti/nr hromi<h\ 
AuRr, wbicli turns oroy in (Iio liyiit, is niaoliihir in dilnir nitric (icid, 
and Rcarocly soluldo in a boiliny solution of aninioniiini scsrpii- 
carljoimto (II. llaocr) ; see p. IKi, footnote. Aipimiix amnionia 
xnliilioH disxolrcn xilver hromide, tint iril/> i/r<‘(itcr dijjiridli/ lliini xilm 
chloride. Silver bromide dis.solve.s readily in iiolassiiiin cyaniiK' and 
sodium tliio.snlpliate solutions. 

4 RoUodonx nitride, hid not ptilliuloiis chhirnlc, ]irodnees in neutral 
.soliilions of lironiidea (mimediai.ely if lliey are concent rated, alter 
standinu if very dilute) a icddi.ili-linoni pricipdidc of pnltiidoiix 
hromide, JMRr.,. 

.). Ifvdrobroniic acid and broniidi'.s are oxidi.sed by many oxidi.sinj^ 
ayents witli I lie liberation of bromine Tima, nitric acid decomposes 
liydrobromic acid and llie bromide.s (with the exception of silver 
lironiide) irhen. Iteided. and lihendi’s hromine. In t he ease ol a solution 
the bromine colours it yellow or reddish-yellow : if the bromide was 
]ireseiit in solid form or in concentrated solution, brownisli-ri'd. or, 
if dilute, brownish-yellow bromine vapours escape siimiltaneoLi.slv, 
which vajiours, if in sullicient ipiantity, condense, to .small drops in the 
cooler jiaits of the test-tube. In very dilute solutions of bromide.s 
hromine is not liberalcd in the cold, either by nitric odd., even red 
fnmin.y acid, or by a solution of nitrous odd in eoiieentroled. sulphuric 
oetil. or liv ht/droehloric adil. and potii.ssiuin nitiite (free from nitrate). 

<1 Chlorine gas or chlorine water immedioteh/ liheioles luomine in 
solutions of bromides, wherehif the liipnd. heroines ijetlowish-red if 
the (plantity of bromine is not too small. A larye excess of chlorine 
should be avoided, because it causes the colour to disappear, or nearly 
so 'I'liis is an oxidation process, in which the bioniine plays an 
electropositivo part. Until recently it was assumed that bromine 
chloride was formed, d'he ri^searches of Jjebean and \dn Karsten 
have proved, however, that this eompoiitid does not e.xist (</. Abeoj;, 
lliindh ononj. ('hem , 4, 2, 295). 'I’liis react ion is mtieh more sensit ire 
if a hipiid is added which can absorb the bromine when shaken, and 
which does not mix with water, especially einhoii hisulphidc or 
chloroform. The neutral or sliehtly acid solution should be treated 
ill a test-tube witli a small (juanlif,y of one of the li([iiids mentioned, 
so that a larpe drop forms at. the bottom, and then diluh- chlorine 
n'idcr mldcd, drop by drop, and tin trhole shttlen. In tin* case of any 

29 
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material proportion of bromine {e.g. 1 bromine: 1000 water) the 
carbo7i hiaulphide (tr chloroform 'mil hecoim rcddish-ijellow; in the 
case of very small quantities (1 bromine: 30,000 wat er) the colour 
will be faint yellow,^ but still recognisable. 

Eller, whicii was fornuTly used, is far less suita]>le for this 
reaction. A hirqc crcvftK of chlorine miter should be avoided in these 
tests ; the chlorine water should be tested by shaking it with water 
and a little caihon f)isnl|ihide or chloroform to see whether it remains 
c.olourle.ss (that is to say. free from bromine). Only when this is the 
case can the chlorine water be used. On shaking and heating the 
solution of bromine in carbon bisulphide, chloroform (or ether), with 
a little alkali hvdro.side solution, jtotassium iuomide and potassium 
broniate will be lovnied in the solution, and consetpnmtly the yellow 
colour will disappear. On evaporating the solution and igniting the 
residue the potassium bromate is converted into jiotassimn bromide. 
The ignited mass can then be subjoi ted to further tc.sts aecording to 7. 

7. On ln'ating broiniiles wit h manganese dioxide or lead peroxide 
and sulphuric acid (I'oncentrated or dilute), bioinnsh-red bronnne 
vapour IS liberated. In the ])resence of chloihlos dilute solutions 
must be used to avoid the (h'colorisation mentioned m G. When 
heated with manganesi' dioxide and ac<‘tic acid, bromides do not 
produce Itromine, luit t law do so w/o n heated- n'llh lead pero.nde and 
dilute acetic acid (Vortmann) : also wlum heati'd with polassimn 
pennn7uianatc and acetic arid. In the case of verv small cpiantities 
of bromide, the colour of the escaping bromine va]»our is not visible. 
If, however, mixtures which ]>rodiice bromine vajtour are lieated m a 
small distillation apparatus, and the vapour jiassed iliroiigh a long 
glas.s condensing tube, the colour of the bromine vapour will, as a 
rule, be visible on looking lengthways down the tube; the first 
drojis of the distillati* ar(‘ also of a yellow colour. 

8. For tho (Jelcctioii hromim- in vapours or solutions, use maj’ he 

made of the colour naclwns which it givt'S with organic suhstanees. Thus. 
f/ioist sla/rh l/irns //cJIoir on contact with biomiuc vap<iiir (but this jcaction 
is not very convenient). To detect traces of free hroniine, lluoiescein pajK'r 
may be u.scd, the yillow colom- of which is turned to pink by broniine 
vapours, owing to the formation of eosin. To prcpaic the })apcr, strips of 
paper arc soaked with a solution of lluorcscciu in 40 to 00 ])er cent, aci'tie 
acid, dried and slightly moistened again before use. Fluon'scihi paper 

^ The reaction does not take place in hydrobromio aci<l aohilion.s containing 
alkaloids, owing to the formation of hromination produets. The alkaloids 
should be removed, tberefoie, by sodium hydroxide or carbonate, etc. (A. Weller, 
Zeitscfi. amd. CItem., 26, 740). 
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keeps better if it is prepared with a O'Ot per cent', alcoliolio fluorescein 
.solution, which has been treated with 2 or 3 drops of uniinonia solntioii. 
Broniini‘ may be doteeled in the proseiico of chloriuc by tlu^ fact tiiat tlio 
colourlc.ss paper is tinned i(‘d by ammonia vapour; this coloui' does not 
disapjn'nr even on contact with acetic acid vapour. Ammonia vapour also 
])rodiiC(‘S a faint red coloration in the pi'cscnci' of cltlonm? alone, but this 
(lisaj)jicnrs in the aii'. and espociidly on contact wilh acetic acid vapour. 
In tlic c'Rsc of mixini cs of solid salts, the lirommc can bo lib(‘!'at<‘<l by means 
of red lead and ac(‘lic acid (1). (Janassini, ('h<m. Znifr., 11)04, 1., 1172). 
If much fxM! chlorine is po'sent m addition to a little bromine, no Reaction 
will result; in sneh a ease Ihe halogens must first be eonvcited into 
))roniide and chloride, and the hioinitie liberated from the mixture of salts 
by means of a suitable oxidising agent (a saturati'd cupii<' sulphate .solution 
ti'cati'd witli pcimanganate without lieating). The reaction may' be carried 
out in a test-tube, or in the case of more delicate tests in a distillation llask, 
mlo which a curveni of air is introduced, and into the onllcl tube of wliicli 
a ]>iece of moistened Ihioreseein ])aj>er is Inscited. iodides, if ju'esoid, hav<^ 
no <listurlung inlliience if they aic^ lirst converted into iodalc by heating 
them with pernianganaU* (H. Bauhigny and Ih Bi\als, r//cy/o Ziiih.. 11)04, 
I..2I2). 

On tri'ating a ma(j<nta ■‘^dhilion, previously mhiccil liy nii'ans of sodium 
hydrosiilphitc and liydroehlone acid, with a tew diojxs of bromine water, a 
decji bhiish-violet eoloration is jaoduced ; lodmc water pioduces no colora¬ 
tion; with chloiuic watiT the colour is yellowish-hrown and occasionally 
red. This reaction is also .suitable for tlio detection of bromine in tlie 
pH‘scnc(‘ of iodine and ehloiiiie; it is very sensitive and is particularly 
sharp if ])aper saturated with the reagent is exposed to bronmie va])our. 
'I’o detect alkali liromide in the presence of chloride and iodide, the mixture 
of salts should b(“ dissolved in a little water in a small llask or beaker, 
treated with a few cubic centimetres of a 15 to 25 per cent, ehromic acid 
solution, and the papier moistened wilh tlie reagent exposed to the resulting 
vapour. Ollu'r dy'cstuffs also giv’o chaiacteiistic reactions ; thu.s, a solution 
of llofnumu's no/i ^ decolorised by means of a hydrogen sulphite and hydro¬ 
chloric acid is coloured deep blue liy hroniiiie, the leaction oeeuriing also 
in the presonee of iodine and chlorine. Tf the leaetion is to be used for thc^ 
detection of bromine ion m the presence of cyanogen, fcriocyanogen, fciii- 
eyanogen or thio(‘y’anog(‘n ions, the bromine must b(‘ libeiated by means of 
cliromie acid (J. Ouaresehi, 7ufl(-^ch. anal. Chem.^ 52, 151, 5il8, 007; 53, 
41)0). 

1). On pouring conrcalmicd sulphuric acid on to a mixture of 
bromide and polas.'^imn dichromata and heating it, pure hromim will be 
produced, but 7\o chromium comjmund, as in the r.a.se of chlorides; 
the liquid which distils, therefore, liecome.s colourless ami not yellow 
wlien treated with anuuonia solution in excess Broinine may also 
be removed from solutions when heated witli potassiiini dichromate 
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and snljiLiiric acid ; on the other hand, bromine is not liberated from 
Bolution.s in the cold or with dilute suli)huric acid. 

10. On trcatiii},' a solution of liydrogeu bromide or the solution of 
an alkali bromide with a little nunc cMmUc soIulioD, a .ttraw-coloured 
lo (hirh onni/jr-ml roloralwn will a])pear, owing to the formation of 
am in bromide. 1 f an iodine eom]ionnd i.s present it inu.st be removed 
before proceediuf^ with the reaction (Bill). 

11. hhir the, detection of liroraiiie ion in nietiil hromides ivsoluUi' 
in water and nitric acid, the salts .should be treated in the same, way 
a.s the corresponding metal chlorides ; in the ease of non-elect rolytes 
containing bromine and organic, liromo-subslitution products, the 
instructions given in Her. 117,10, in connection with chlorine, .should 
be followed. 

12. A bead of alkali phosphate saturated with cupric oxide and 
treated with a suhstauce containing bromiuo. when ignited in the 
inner gas or hhwpipi' jiamr, i/iirs llic Jldiiic a hliie mlmtr honh'i iiifi on 
prcoti, especially at the edges (Berzelius). 

1.1. With regard to the microrhemical ijrlriiion of hromine ion, 
see Behrens-Klcy, Mihmche-nwrlir Aitobjftr, .Ird ed,, p. 171; A. Percy 
Smith, Pham. Zcvlmlli., 27,0118 ; bl. Vozzi-Escot, CImti. Zrvir., 1007, 
IT., BEi.^i. 


Sec. no. 

(c) Hydriodic acid, HI (Iodine ion, I'). 

1. Iodine is a soliil, soft snlistnnce, as a nde lustrona, usually 
crystallising in tablets, and having a characteristic unpleasant odour. 
It melts at 1 M”, boils at over 2(X)°, and gives off violet, iodine vapour, 
which, on cooling, condenses to a black sublimate ; it volatilises 
very ajipreciably at the ordinary temperature, and is also volatile 
witli steam. It dissolves but .slightly in water (the solution is light 
brown), but easily in alcoliol, ether, carbon bisulpliide, chloroform, 
and also in aqueous potassium iodide solution, and in hydriodic acid. 
The solutions in alcohol, ether, hydriodic acid, and potassium iodide 
solution are a dark reddish-brown, those in carbon bisulphide and 
chloroform are violet-red. Iodine bleaches vegetable colouring 
matters slowly and slightly ; its vapour turns moistened red litmns 
paper lavendcr-hluc ; it colours the skin brown; with starch it 
forms an exlremiy intense dark hive compound or colloidal solution. 
This is always produced when iodine vapour or a solution containing 
free iodine is brought into contact with starch, preferably ■•ilarch 
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It is decomposed by alkali Iiydroxide, cliloriue, and bromine, 
as well as by sulphur dioxide and other reducing agents. 

'2. Hydrogen, Iodide, 111, is a gas similar to hydrogen chloride and 
hydrogen bromide, and soliddc to a consi<lerable extent in water. 
'I'hc colourless aqueoii.^ hydriodic add rapidl}' turns reddish-brown 
wlien in contact with the air, wliilst water and a solution of iodim; 
in iiydi'iodic acid are formed. Hydriodic acid is also a strong acid, 
an<l in this respect its behaviour is analogous to that of the two other 
halogen acids. • 

o. The iodides, too, correspond in many respects to the (chlorides. 
A great number of the iodides of heavy metals are, however, insoluble 
in water. i\rany, as, for instance, lead iodide, nienairous and mercuric 
iodi<les, have (characteristic, colours. 

■1. Silver nitrate produces in a((iU‘ons solutions of hydrogen iodide 
and tlie iodides yellowisli-white precipitates of siiccr iodide, Agl, 
wliieli turn black in tlio light. 'I’ius ])recipitate is insoluble in dilute 
mtri<- acid, scarcely soluble in 5 per cent, ammonia solution, and is 
insoluble in a boiling solution of ammoninni sesqniearbonate- 
(II. ilagiif), Init is readily soluble in solutions of potassium cyanide 
and concentrated sodium tliiosulpliate. 

5. Palladoas cMoride and p(dladous nitnile produce even in very 
dilute solutions of liydriodic acid or of an iodide a brownish-black 
prerijn'tafe of palladvas iodide, IMH, wliicli dissolvi's in an excess of 
]H)ta.ssiuiii iodide solution and in ammonia solution, is sliglitly soluble 
111 salt solutions (sodium and inagnesiiim eliloride, ett^), and not 
soluble, or scareely so, in cold liydrochloric and nitric acids. 

0. A solution of 1 [lart of cUpric sulphate and 2 5 parts u[ lerrous 
sulphate precipitates cuprous iodide, fr<uu a([U(‘()Us neutral 

solutions of iodides, m tiie form of a duig n-lnU' pieei.pilale. '1 ho 
addition of a little ammonia promotes the complete pree.ipitation of 
tlie iodine ion. Chlorides and bromides arc nut pnicipitated by this 
reagent, in its stead, a solution of cupnc sulphate may be used, 
wliicli lias been [>rcviousIy tn^ated with sulphur dioxide or sodiuni 
hgdrosulphUe or other reducing agent {if. Sei;. 7b, 11) in sutlicicnt 
excess. The cuprous iodidii precipitate is produced without the use 
of a reducing agent, but its colour is mask(;d by tlie liberated iodine. 
7. Mercurous chloride, when shuken, with a siillieiently dilute 

* Tliia ia prepared by Hauly tnturatiiig atarcli wiili C'»ld water, aii(i pouring 
tlii.s turbid liquid wliilo eontmuaily sUiring it, in a thin stieaiii into boiling water 
(in all 1 2 )art of starch to about 100 parts of water) ; tins is boile«l for a short 
time, allowed to subside, and the almost clear solution iisrd. 

® (’/. footnote, 2 ). 440 
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solution of iodides, causes the separation of yellow viercvrous iodide, 
reaction is very sensitive, and is also ol)taiiied with 
mercurous bromide. (White mercurous bromide is separated from 
bromide solutions l)y means of mercurous chloride. 0. Wentzki.) 

8. On treating a solution of an alkali iodide with ammonia and a 
little potassium hydroxide, and adding a few (lr()ps of mercuric chloride, 
solution, a reddish-brown precipitate of dimereuric ammonium iodide 
is produced (ef. Sec. 30, 1^). This is a very sensitive reaction 
(G. Dehigos). 

0. Pure nitric acid, free from nitrous acid, decomposes hydriodic 
ac-id or iodides only when it is in concentrated condition, especially ivhen 
heated. Nitrous add or hyponitric add, on the Otiier hand, decom¬ 
poses the iodine compounds already mentioned very easily, (‘V<‘n when 
they are contained in exceedingly dilute solution. Colourless 
solutions of iodides therefore turn brownish-red immediately when a 
little red iuming nitric acid or a mixture, of it in concentrated 
sul])huric acid, or better, a solution of nitrous addin concentrated 
sulphuric acid, or potassium nitrite wit h a little sulphuric or hydro¬ 
chloric acid, is addeil. If the solutions are at all concentrated the 
iodine separates m blach Jlahes, wliile iodine vapour and nitric oxide 
escape.^ 

10. As the blue coloration of the starch iodide is visible in much 
greater dilution than the yellow eoloruliun of tlu' solution of iodine in 
water, the sensitiveness of (he reaction, which depends on the .wjHiralion 
of free iodine, is considerably ineri'asial. wlien the liquid to be tested 
for iodine ion is first treated with a little thin, lairly clear starch 
paste (sec footnote to 1). tlnm a few drojis of dilute sul])liuric acid 
added, so that the liquid beeonu's strongly acid and. iinally. one of 
the reagents inentioinHl in 1) addial. In order to give a ])artieiilurly 
sharp reaction, one diop of the solution of nitrons acid in concentrated 
sulphuric acid only need be added (on a glass rod), so t hat tins reagent, 
first suggested bv Vv. .1. Otto, may be strongly recommended, if 
red fuming nitric acid is used, a little more must- be addial to bring 
the reaction to the highest d<‘gree of intensity, fur which reason it is 
not very suitable for tin* di'leetion of very small quantities of iodine. 

Potassium nitrite also gives a particularly sensitive reaction. 
The liquid under examination should be tnaited with dilute sulphuric 
acid or with hydrochloiic acid until the reaction is distinctly acid, and 

I Iodine is not sojxirated from cyam»gen iodide by ovidisiiig agents, but a 
separation is produced by reducing agents (1*^ v. Meyer, ZcUsch. an-d. Chtin.^ 27, 
229). 
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one or iH’o dropti of a concentrafpd solution of potassium nitrile added. 
Ill the ease of very small quantities of iodine, the liquid turns red 
instead of lilue. An exees.s of liquids containing nitrous acid does 
not materially influence the reaction, ,1s starch iodide yields with 
hot iciiter <1 colourless solution, the lujunls must iiccessiirily he cold. 'I'lio 
colder they are the more .sensitive is the, reaction. If it is a question 
of attaining the highest degree of sensitivene.ss, the liquid should he 
cooled with ice, Ihe'starch allowed to subside, and the result observed 
by jilacing the test-tube on white pajier {cf. also Huumimy and 
Itemaihs, .Sec. 12.‘i, (i). 

11. Chlorine gas and chlorine water «/.'o coiieni iodine ion into 
the rlciiuoitiiry condilioii. hut on e.iress oj ehloriiic coiiihines with it to 
form iodine ehloride. or oxidises it (finally to lodatc ion). Hence a 
dilute solution of an, iodide, to which starch paste has been, added, turns 
blue I mined iiilely on the addition oJ a tittle ehloriiie water, hut is de- 
eolunsed aijiiin if more ehloune water is added. As it is therefore 
dillicnit not to overstep the dividing line, especi.illy in the case of 
very small quantities ol iodine, chlorine w.iter is less suitable for their 
detection. 

12 If a solution containing hyduodic acid or an iodide (if 
necessary acidilled) is treated with carbon bisulphide or chloroform, 
so that a lanje dtop reiiiains undis.solred, a reayeiit which will liberate 
iodine added. (.i droji of a solution of nitrons .icid in concentrated 
sulphuric acid, livdrocliluric acid and potassium nitrite, chlorine 
water, an e.wcss of which inimt he avoided, etc.), the whole well shaken 
and allowed to stand, the carbon bisulphide or i hloroforiu will subside 
and be coloured, darh or lajht ciolel-retl by the ab.soibcd iodine. 7 his 
also IS an e,ieeedin<tli/ sensitive reaction, tin shaking a scilntion con¬ 
taining lice iodine with peholeam spin!, hen:.ene,eO' ether, the two 
loriner arc just colouied red. and the ether reddish-biowii or yellow. 
(Iodine gives ether a more intense colour than docs an equal quantity 
of bromine.) 

Id. Ifi'driodic acid and iodides arc dcconqutscd b}' numerous 
other o.cidisini/ ayents, by polassiuin dichroniale in the jircsence of 
dilute sulphuric acid, even in the, cold (distinction from bromine), 
by peisulphatcs, and by hydroyen peio.iidc or potassium penmuiyanule. 
and acetic acid. ; iodine is also separated when iodides aie heated with 
inanyaiicsc dio.ride or lead pcroj ulc, with ditiUe sidphunc or acetic acid, 
wit h cupric ehlornle, feme chloride, or feme sulphate, and may be 
recognised by tlie colour of its vapour and, when in .small quantities, 
better by its action on paper moistened with starch paste. If iodides 
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are heated with coua’itlruled sulphuric acid, hydrogeji iodide aud 
jiroducts of the reduction of sulidiuric acid (sulphur dioxide or 
hydrogen sulphide) are formed as well as free iodine. 

11. When fused viilhtdlidi(■arliDnale (preferably sodium ])olassium 
carbonate), the iodidis insoluble in water and nitric acid beliave in a 
sindlar manner to the, eorresjionding chlorides. Non-electrolytes and 
organic iodine produels ot substitution .should he treated according 
to the instructions given in connection with chlorine (t!ec. 117, lU). 

15. When a bead o£ alkali phosphate is saturated with cupric 
oxide, treated with a substance containing iodide, and ignited in the 
inner (jas or hloippijic Jlaiiie, it will impart an intense green colour to 
the llame. 

16. With regard to the niicrochetnind delcdion of iodine, see 
llaushofer, Mikroskopisehe Iteukliuiieii, p. .52 ; Bchrens-Kh'y, Mikro- 
chcmiscltc Auahjsc, 3rd ed., p. 170 ; Deniges, Zeilsch. utud. Chcui., 

34, (111. 


Sec;. 120. 

(d) Hydrocyanic acid, IICN ((lyanogen ion, ON')- 

1. Ci/anoi/eii. t'oNo, is a colourless gas of sp gr. 1 8, fairly soliihlo 
in water, having a eharacteri.stie and penelraling odour, and burning 
with a carmine-led llanie. The acpieons .solution produces with 
hydrogen sulphide a red crystalline precipitate ot the amide of 
thio-oxalic acid, ((.'SNll.,)^. (.'yanogen acts on alkali hydroxides in 
an analogous manner to the halogens, and fornrs cyanogen ion and 
cyanato ion. 

2. Ilydrocijanic acid (prussic aciil), IR'N, is a colourless, volatile, 
inflammable, highly p(dsoi}Ous liquid with a Icavy odour ot bitt.er 
almonds; it can be mixed with water in all proportions, and 
in the juire condition soon decomjioses. Hydrocyanic acid is a 
very weak acid (dissociation constant at 18°—1.7.10 '‘’), it is scarcely 
dissociated in its solutions, in OT iV-solutious, for ex.imple, only to 
O'OOO per cent., and its aqueous solution, therefore, does not redden 
litmus paper. 

3. Ot the cyanides those ot the alkali metals and the alkaline 
earth metals are soluble in water ; the solutions are dissociated into 
hydroxide and h)-drocyanic acid by )iydrolysi.s, and therefore give 
an alkaline reaction and have ( he odour of hy'drocyaiiic acid. They 
are easily decomiio.sed by acids, even by carbon dioxide. At 50° to 
80° mercuric cyanide, and at 1(X)° cyanides insoluble in water, but 
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finely distributed therein, are also decomjio.sed by carbon dioxide 
(A. llilger and K. Taniba). I’otassium and sodium cyanide melt 
when ignited in the absence of air, without decomposition ; in the 
presence of air they absorb o.xygen; when fused with lead, copper, 
antimony, and stannic oxides, and many other oxides, they reduce 
these, and are tiiemselves converted into cyanates; oji fusion with 
nearly all metal sulphides alkali thiocyanates are. formed. Of the 
cyanides of the heavy metals only mercuric and auric cyanide are 
soluble in water; they are all decomposed on ignition cithel', like 
the cyanides of the “ noble ” metals, into gaseous cyanogen (which 
escapes) and metal, whereby, owing to the partial polymerisation of 
the cyanogen to ])aracyanogen, (CN)j., a mixture of the metal with 
solid black paracyanogen may remain as residue ; or, like those of the 
other heavy metals, into nitrogen and metal carbide. iMany cyanides 
of the heavy metals arc not decomjio.sed by dilute, o.xygenated acids, 
and only with difficulty' by concentrated nitric acid. All cyanides 
uic (lecomjiosi'd on being heated and evaporated with concentrated 
suijihuric acid, in which jirocess carbon monoxide, and ammonia or 
ammonium suljihate, as well as the snljiliates of ( he metals arc formed; 
some cyanides are decomjiosed by hydioebloric acid, and many by 
hydrogen sulphide. 

4. The cyanides have a great tendency (o combine with one 
anodier, and most cyanides of Ihe beav\' metals, tberefon-, dissolve 
in polassium cyanide solution. The resulting compounds are 
coiHplt’j; suf/s, which contain a coinjile.K anion consisting of cyanogen 
and a heavy metal (iron, cobalt, manganese, chromium).i Many of 
these .salts are decomjiosed by dilute acids in such a way that hydrogen 
cyanide and the salt.s of the two metals jiresciit with the added acids 
are formed, and others in such a way that hydrocyanic acid, the 
alkali salt of the added acid and the heavy metal cyanide, stable 
toward.s acids (as a precijiilate), are formed. A third groiiji contains 
complex anion.s winch are so .stable that tiny remain unchanged even 
on the addition of anol.lier acid, and sonietimes liberate the Irec 
acids corresjionding to the eomplex anion. t'oin|ioniids of the latter 
dcserijitiou are, c.;/. jiolassium ferrocyanide, K 4 l''e(t)N)(|, and 
potassium ferricyanide, K 3 h'e(('N) 0 . Dilute acids do not jirecijiitatc 
nietal cyanides in tlie cold from their solutions. (In rejdaciiig the 
|iot,n.s.siiim bvbydrogen, .sjieci/ie acids ,ire formed, wliicli must not be 
confused with bydrocyaiiic acid. Their reactions are dcscribcrl in 
the two following sections. 


• CJ. p. 10. 
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5. Silver nitrate in excess produces, in solutions of free hydro¬ 
cyanic acid and alkali cyanides, ivhiie precipilales of silver cyanide, 
AgCN, or [Ag((-N)^)Ag, ivhick dissolve readily in potassium cyanide 
and sodium llnosulphate s(dutions, more sparinyly in ammonia solution, 
and not at all in dilute, rntne acid ; they arc decomposed on iynilion, 
and leave a residue of'metallic silver and a little paracyanogon. Tlio 
sensitiveness of the reaction is in(*rcas<‘d in the pres('ncc of free hydro¬ 
cyanic acid if tli<^ solutions arc first tri'atcd with an excess of anunonia, 
then with silver nitrate soluliuiK an<l iiiially aenlified with nitric 
acid. 

G. Mercurous nitrate prodm-es in solutions of the alkali cyanides 
a fjrey precipitate of metaUic mcreury, n'Inls( the eyanoycn ion combines 
with mercury ion to form soluble, sUyhlly dissociated mercuric cyanide. 
(Distinction from chlorine, bromine, and iodine ions.) 

7. (hi addiny to a solution of free hydrocyanic acid first ferrous 
sulphate solution, to winch a drop of ferric chloride solution has 

previously been addeil. and then a few (hops of idkali In/drojidc 
solution, until the h<[uid begins to show an alkaline leaclion. a blnish- 
qrcen precipitate is formed. If this is aeidiliod with hydroeliloric acid, 
the forro-fernc hydroxide dissolves, whilst ih'ussian blue reiiuiins 
undissolv(*d {ef ]>. ‘ibl, 'I’he reaction proceodvS in such a way 

that lirst of all Iruin leirous ion and cyanogen lou ferrocyanogen ion 
is produced, which, in acid solution, eoinlnnos with lerric, ion (o form 
Prussian )>lue. In the case of very small (piantities, tin* Ihpad 
becomes green after the addition <(l hydrochloiic acid, and only after 
standing for sonu^ time is a slight blue preeijntate oliiaiiual. lliait 
promotes the ])rocipitation, but an excess of alkali hydroxide or 
hydrochloric- acid must be avoided. Similar ]>heuomona with 
correspond mg results oc( iir when a ferrous sul[)liate solution contain¬ 
ing ferric sulphate or ferric chloride is added to a solution of alkali 
evanide, with the subsequent addition of bydrocliloric, acid after the 
Ihiukl has been allowed to stand. Substances which do not give the 
Prussian blue reaction without treatiucnt should be heated with 
dilute sulphuric acid in a test-tube, and the mouth closed with a 
piece of filter jiaper, the centre of which has been moistened with a 
few drops of an alkali hydroxide solution. The hydrocyanic acid 
which is evolved in the presence of cyanide.s is absorbed by the alkali. 
The portion of paper whk'h is being treated should be lightly touched 

' Attention may be calk'd to tlio fact that, even in the absence of cyanogen 
ion, a bluish-green precipitate of ferro-fernc hydroxide is produced by alkali 
hydroxide. This, however, dissolves to a clear solution in liydrochloric acid. 
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with very dilute ferrous sulphate solution, exposed to the air for a 
short time, and finally treated with steam. If the s[iot is now 
touched with hydrochloric acid it will show a i’russian lilue coloration 
if cyanide, was present (U. Jjockomann). 

8. Oil miX'iny <t liijuid cmttaitnvfi hi/droi't/diiH' acid (ir alkali ci/aiiidc 
(after a<hl]ni' a drop of ddiite alkali hy<lio.xide solution, if free hydro- 
cyamc acid is present) wilh safficiciil yellow ammonium sulphide 
(containin'; ]iolysulphidc) lo colour the Itquid ijcllo>i\ Imdiiaj il in a 
poicelaiii dis/i on the water bath until the mixture i.s deeoiori.sed and 
the exce.ss of ammonium sul|)hide is evaiiorated or decomposed, and 
then evaporatine it to drynes.s, the ro-sidiie will contain alkali thw- 
ei/aiiale. 'fills is dis.solvcd ill a little water, aeidilied with 2 or 3 drops 
of hi/droehlonc ac.ah allowed to stand (or a few iiiiiiiiles in order to 
de.stroy the thio.sulphates formed, which would leduce the ferric 
salt and lliiis jircveiit the reaction, and liiially treated with a little 
fcriie chloride. The resultniii thweijaianjen ion nai;/ he leeoijnised h;/ 
it.i liloodo'ed eoloar. Jf a violet coloiation appeals or the red one 
rapidly disappears, a little more ferric chloride niiist he added to 
produce the reaction (Ijiehi;;, Alnieii). This reaction is exceediii^’ly 
seiisitne, (Xlljl^iSj f-K(.'X —K('N.S-| (Nll|)sci. if an acetate is 
present, the reaction will only occur on the addition of more hydro¬ 
chloric ai iil.t In the case of substances lo which the reaction is not 
dirci’tly ap|)li( able, the same conr.se may be adojiled as described m 
coiinei.tioii with the I’litssian blue reaction (7), but the filter paper 
iiiiist be soakeil with a few drops of ammomum sulphide, as w'ell us 
with alkali hydroxide solution. If eyanoaen ion is to be detected 
111 insoluble compounds by coiivertiiia it into teiiie thiocyanate, 
.sodium thiosulphate is fused on a looji ol jilatmiim wire in a spirit, 
flame niilil the water ol erystalh.sation has e.scaped anil the mass 
swells lip. \ small portion of the substance is I lien addl'd, the 
iiuxtiire heated for a short time m the llaiiie, removed as soon as the 
sulphur beaiiis to burn, and the mass on the loop dipjied into a few 
drops of ferric chloride solution, which has been diluted and treated 
with a little hvdi'ochlone acid. If cyaiioyen ion was jiresent, the 
blood red coloration of feme thiocyanate will be produced, and not 
dtsappear on standing. If the iiii.xture is heated for too long a time 
the reaction will fail, because the .sodium thiocyanate formed will be 

' According to laivialle and \uicnne, Zethah. anal. Chun., 56, 128, meconic 
acid nitertcrcH witii the reaction, as it also produces a red coloration. Auric 
clilorido de.stroys tho coloration produced liy liydrocj'ainc acid, but not tiiat 
]iioduccd by moconic acid. 
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ilecoinposod afiiiiii. Tliis method is particularly suitable for the 
distiuotion of silver cyanide from silver chloride, bromide, or iodide 
(A. Krohdo). 

!). On lrci(liii(j II Uqiiiil cimhiiniiiij hijdmiji'n ri/iiiiidi' or ikf solution 
of iiu alkali ci/iinidc with a fi'w (hops of a solulion of alkali nitrate, 
adding two to three drops of ferric chloride solution and sullieient 
dilute sulphuric acid to e.hangc the brown colour of the ferric salt 
first formed just to pale yellow, heating the mixture until it begins to 
boil,' cooling it, treating it with a little ammonia to precipitate, the 
excess of ferric ion, filtering the liquid and adding to the filtrate, 
which still contains free ammonia, one or two drops of hydrogen 
sulphide water, the solution will show a violet coloration, owing to 
the action of the. hydrogen suljjhide upon the nitropriissidi’ ion wliich 
has been formed {if. ttec. 121, 5 ((t, Vortmann)). 

10. On treating a moderately concentnitcd sohition of an aUuli 
cj/anuh with a little picric acid solulion * (one part of picrit; acid ajid 
2 C )0 parts of water) and boiling it, the li(pud will turn dark red, 
owing to the resulting potassium picrocyamiiialc (potassivim iso- 
purjnirate), tln^ colour becoming more intense on standing. It the 
solution of alkali cyanide is very dilute, oidy sullieient piciic acid 
should bo added to give the liquid a faint yellow colour. Afti’r 
boiling, the red coloration will ajjpe.ir, perhaps not immediatcl}-, 
but on cooling and standing for some lime. This reaction, suggesteil 
by (J. D. Braun, i.s not so sensitive as those described iii 7 , 8 , and b, 
but may be used for the detection of alkali cyanide in the presence 
of ferrocyanide, which on similar treatment does not rdeld potassumi 
picrocyaminate. Other reducing substances also give similar 
colorations when heateil with picric acid (J. Aiidi'ison, Zcitsch. ami. 
Chem., 55, 4C.j). 

11 . If filter paper is soaked with freshly prepared alcoholic 
guaiacum tincture containing .3 to -1 jier cent, of the resin, moistened 
after evaporation of the alcohol with 1 ) 2 -’) per cent, cupric sulphate 
solution, and exposed to air which contains only a trace of hydro¬ 
cyanic acid vapour, the paper will turn blue, owing to the action of 
the ozone formed by the partial reduction of the cupric ion : 
9 CuS 04-|-121I(JN-1 ;ilU(l^Li5b''i2{<-'N)2-l-3(-hi{t'N)2l2-p'JH2S04-|-0„ 

^ for tho detoution of free cyanogen in air or illuminating gas, H. Kunz- 
Krauso recoinineiuls a nii.xturo of f c.e. of a cold saturated aqueous picric acid 
Bolution (1 : 8ii) with 18 c.e. of alcohol and .h c.c. of 15 per cent, aqueous potassium 
hydroxide solution, or the ro-iotion described in 11 {Zdlsch. anijew. (Jhem., 14. 
862). 

“ Probably as a complex compound, [Cu,.Cu(CN),l. 
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(Pascnstcolior, Scliouboin).! The reaction is exceedingly sensitive, 
and is inteiiisitied wlien the paper is moistened witli lorinaklehyde 
solution (.1. (J. Briinnich). JI. Knnz-Kranse 2 recommends tlio use 
of a :i per e,cnt. alcoholic, solution of pure gnninconic ucid and a eopper 
siilplidlc soliitio)! of 1 : KKX) to render the reaction more sensitive ; the 
l.'id.er is, however, not necessarily decisive lor hydrocyani(^ acid, ns 
giiaiiieura copper paper is also rendered blue, by air containing 
ammonia, nitrogen trioxide vapours, ozone, bromine, iodine, and 
{■liloi'ine monoxide. It is still le.ss decisive, if it is ])rodncecl in 
.solutions, since a mi.xtnre of gnaiacum tincture with very dilute 
enprie. sulphate solution i.s not only rendered blue by hydrocyanic 
acid and cyanides, but also tiy soluble ehloriiie, bromine, iodine, and 
Ihioriiie eoiiipoiinds, etc. Potassium ioilide starch paper moistened 
with ciipric snlphate solution is also immediately turned blue. 

12. Oilier oniaiiie. compoiind.i lieliave like gnaiacum tincture in 
|)i'odiicing dillriideri,Hie aileirnlioii.i in dilute ciijirie .lull .sohilioiif! in 
the presence of lii/droeipinic acid. Ilijdrocirriiliijimne. a tetrahydro.xy- 
iliphenyl derivative, produces in a dilute, acetic ai‘id .solution of an 
alkali cyanide (treated with a little cupric neitule) a criislallime, 
]iiir]ile precipilalc of cieriiliijiiove ; in the ease of very dilute solutions 
llie colour brick-red. Bimilar reactions are given by other substi¬ 
tuted tetradiphenyl derivatives (.f. Moir). On treating a cupric 
aceliile .lolulion with a few drojis of an alkali cyanide solution and 
adding be.n'.idiue ocelute, a dork blue precipiliile is formed. Iodides 
and bromides behave in a similar manner, and various oxidising 
iigciils, such as chromates, ferricyauides, ferric chloride, and others 
give a blue precipitate with benzidine alone. 'I'lie reaction is, 
however, characteristic of cyanogen ion, if carried out with the 
addition of dUodium /ii/droi/en pliosphule, and if no great quantity 
of thiocyanate is pre.sent. In the prc.senee, of thiocyanate the 
substance is boiled with sodium carbonate sirlution, and a current 
of carbon dioxide passed through the filtered solution. This 
hlierate.s hydrocyanic acid and carries it awa}'. It is conducted 
into the reagent, which consists of 1 drop of 3 per cent, cupric acetate 
Solution, 5 drops of saturated benzidine acetate solution, and 0'5 c.c. 
of water ((). Pertusi and K. (iastaldi, Zeilscli. eiintl. C/iem., 53, 387). 

^ Cf. also t-ho cominunipations of Kd. Schaer (AirJt. d. Pharm., 238,42,170 ; 
239, GJO ; 241, 401), where ho rocoininenda that the solutions lf» bo tested for 
liydrogen cyanide should ho sliaken with a 4 to 1 }X‘r cent, solution of pure 
Kuaiaetinio acid in chloroform ; he also gives various other reactions for cyanogen 
‘■"mpfMitids. 

• ./. fi'adif kvchf., 1001, 720 ; Zeipfch. aniiL Ohnn., 66, 407. 



13 . On treating a very dilute starch iodide solution uiih a trace, 
hydrocyanic acid, or, after the addition of a littk dilute suli,|ii„i 
acid, with .a trace of an alkali cyanide, the colour disappears inmicd, 
aiehj or after a short time, because the iodine reacts with the tivdio 
cyanic acid to form cyanogen iodide and hydrogen iodide (Rrhonijcin’ 
This is a very sensitive reaction, which, however, is never dccisiv 
by itself, as many other substances decolorise starch iodide. 

It. Cvanogen cannot l)e detected in mercuric ci/miule by th 
reactions described, with the e.x'eeption of the thiocyanate reaction (,H’ 
In order to detect it in mercuric cyanide, the solution of the .sal 
should be treated with hi/droqeu sulphide, whereby a [iTOci|)i(ale n 
mercuric sulphide is obtained, whilst free hydrocyanic acid remain 
in sidution. Mercuric cyanide i.s also deconniosed bj' poirdeic, 
imifiuesium or antimony, 'the hydrogen cyanide formed may li 
distilled in a current of carbon dioxide, received in water, and idonli 
(ied therein by one of the above-mentioned reactions (I’erlii.si 
('hetn. Zeiilr., lOlo, I. 7). 8(did mercuric, cyanide is most easil' 
recognised when heated in a glass tube {ef. On heating a, men urn 
lyanide solution with hydrochloric acid or with .sodium, chloiuh 
and oxalic acid, or with sodium chloride and dilate snlplnirie and 
in a distillation apparatus, (he greater portion of the cyanogim ior 
will be found in the distillate as hydrogen cyanide. In the case 
of small quantities i(, is be.st distilled with tartaric acid and a littk 
hydrogen sul|)hi(le water (Autenrieth). 

15. Witli regard to I lie uiicrocliemical detection of hydrogen 
cyanide, see Behrcns-Kley, Milroclicmiscke Analyse, drd ed.. 
p. 180.1 

Sec. 121. 

(e) Hydroferrocyanic acid, irid''e(ON)o (Forroevanogen ion. 

Fe(CN)"''4).2 

1. Ih/drofcrrocyauic acid is colourless, crystalline, and easil} 
soluble in water. 'J'he solution gives a strongly acid reaetioii 
Some of the ferroeyanides are soluble in water, such as I hose of tin 
alkali and alkaline earth metals,3 hut the greater number art 
insoluble. They are all decomposed on ignition; if they are not 
completely dehydrated, hydrocyanic acid, carbon dioxide, ami 

' With regard to tlie detection of cyanogen in flamca, <■/. C. Liidoking 
Zeitach. anal. Chem., 29, 312. 

2 With regard to its constitution, cf. p. 10. 

3 Some of tlic double ferroeyanides of the alkali and alkaline earth uietab 
are, however, insoluble, e.tj. calcium ferroeyanide, ‘icc Sec. 3fi, 7 ; and 8ec. 34,10, 
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ammonia escape; if free from water, nitrogen, and occasionally 
(ivuiiogcii, escape. 

2. iferric chloride produces in aqueous solution of hydroferro- 
cv.inic acid or of the ferrocyanidcs a blue jirecipitalc of /erri/erro- 
riiiiiiidc (Prussian blue), Ke 4 |Fc((lN)ol 3 {rf. Koc. 02, 8). Cupric 
sulphate gives a bi'ownish-red jn’oeijutale of ciipne fcnocijunide, 
('u 3 Fe((h\')o (c/i fsec. Tf), lu). Silver nitrate precipitates sdrer 
I'nmviiiiiiulr, Ag 4 Fc(C'N)„, as a white precipitate, insoluble in nitric 
,11 id and in aniiuonia solution (on short treatment in the eolul, httt 
s<ilnlile in potassium cyanide solution. When boiled with aniiuonia 
soliilion, silver ferroevanide yields (erroiis livdroxide, whilst the 
solution contains complexes of silver lyanide and animoniiim 
eiMiiiile (Weith). J^md (iccliili' ])roduee.s a white jireeijntate not 
.ippreeiahly soluble in dilute nitric acid. T/ioiinih nitnilc ]irecijii- 
tales from dilute acid .solutions of ferrocyaiiides all the ferrocvanogeii 
loll. (Distinction and method of se|)aralnig leriii y,inogeii ion, 
from thioevanogen ion. Browning and Palnier, Zcd.sc/i. o/m/, ('hcni., 

50, 771 ) 

Dll mixing a not too dilute solution of an alkali ferroeyanide 
with liijdritrhlonc acid and pouring elite)' over the li(|nid, hvdro- 
ferrocyamc acid will separate in crv.stalline form at thi' point of 
contact. 

4. Alkali ferrocyanide.s arc not decoinpo.sed in aqueous solution 
by carhoti dioxide in the cold (distinction from alkali cyanides), 
hilt aie decomposed at a temperature of 72“ to 71' (Autenrieth) ; 
Prussian bliii' and onjirie finroeyanide aii.spended in water are, 
however, only deoomjiosed at PtO". When boiled with waiter, 
boliihle, as also finely di.stributed in,soluble ferrocyaiiides. are decom- 
po.sed without the co-operation of carbon dioxide, and hydrogen 
cv.inide is formed (A. llilger and K. Tatiiha). .Solutions of ferro- 
cy.imdes, rendered alkaline by means of sodium carbonate, yield 
no hydrocyanic acid when distilled in a eiwretil of carhoii dioxide. 
Mven when di.stillcd with sodiuoi hydroiieti eatboiiiile. ferrocyaniiles 
do not yield hydrogen cyanide (.laequomin). 

7). Ferrocyaiiides are not decomjiosed by eoltl dihile aeids, or 
only to a slight extent. On heating they are ilccompo.sed, whilst 
liydroc.yanie acid is liberated, and in this way most of the eom- 
liomids resembling Prussian blue arc. produced. On heating ferro 
eyiiiiides with a mixture of 3 parts of concentrated salji/riiric acid 
and 1 part of waiter until the free acid has been expelled, they are 
decoinpo.sed, and the oyaiiogcn is expidled as hydrogen cyanide; 
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tlie metals remain as sulphates. Forroeyaniiles are decoraposed in 
a similar way when their .slightly aeidihed suhitiuus are heated with 
10 per cent, anuimiium pi>rsnlj)liiilc sohiion. 'I'lic liquid should not 
be boiled, as I,he reaction would then be too violent (Dittrich and 
Kassel, V/icni. Znilr.. 190.3, II, 220). ('oin entrated sidj)hurie acid 
deeomposos all ferroeyauides when hiaifcd, with the evolution ot 
e.arbon monoxide. Wlien introduced into fused ])otas.sium nitrate, 
eaibon dioxide, and nitrogen are formed from the cyanogen, the 
metals being obtained in the, fused ma.sa as oxides. 

(). Acidified solutions of ferroeyauides are converted by li 
pt'ro.r.idr, on heating, into ferrieyanides (Weltzien). 

7. Insoluble ferroeyauides are. decomposed on boiling with 
aodinm liijdroxide. witli tlie sej)a.rat.ion of the particular hydroxide 
(in so far as this is not sidnlile in .sodium Ijydroxide) and the formation 
of sodium ferrocyanido. 

iS. On heating tniiiiinituicid silirr mhdion with ferrocy.anides, 
c.y. Prussian Idne, ferric, hydroxide sejjarates. Tlie solution then 
yiidds a preci|)itate ot silver cyanide, when acidillcd with nitric 
aciil (Weith). 

Sko. 122. 

(f) Hydroferricyanic acid, H 3 Fc(CN),i (Iferricyanogcn ion, 
Fe{0N)'"c).i 

1. Ihjd,rofi'rrie,y(mic (wid forms brown needles, and the fern- 
cyanides are also all coloured, Hydroferricyanic acid and the 
ferricyaniiles of the alkali metals, alkaline earth metals, and I rivalenI, 
iron are soluble in water; all ferrieyanides undergo a similar 
decomposition on ignition to that of the ferroeyauides. 

2. Ferric chloride does nol produce a Hue precipiude in aqueous 

solutions of hydrofcrricj-anic acid and its salts (.Sec. 02, 9) ; ferrous 
sulphate, on the other hand, gives a him- prccipilate of ferrous ferri- 
cyanidr, {cf. Hec. 01, 10); cupric salphule give.s a 

yellowish-green precipitate of cupric ferricyauide, tJu 3 [b'e(<'N)c] 2 , 
insoluble in hydrochloric ai'id; silver nitrate gives an oratuje- 
cohured precipitate of silver ferricyauide, Ag 3 Fc(ON)( 3 , insoluble in 
nitric acid, easily soluble in ammonia and potassium cyanide solu¬ 
tions ; lead aeetale gives no precipitate in neutral solution, but if 
ammonia is added a reddish-brown precipitate is produced. .(Dis¬ 
tinction from fcrrocyanogen ion.) Cadmium salt solutions jiroduce 


With roj^anl to its constitution, cf. ji. 10. 
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in dilute acid fcri'icyanide solutions an omiiijc-coluand iiKcijiUalr. 
of cathdmn fenkijanidc, Cd3[Ke(0N)„j2- (Distinction from and 
iiiettiod of separation from tliiocyanogen ion. lirowing and I’almcr, 
ZciCcJi. (mil. Chem., 50, 771). 

3. Aqueous solutions of ferrioyanides behave in tlic same way as 
those of the coTresj)ondii\g ferrocyanide.s wlion l)oitcd witli water or 
wlien treated with carl)on dioxid(i or sodium hydrogen carl)onatc. 

■1. Hydrogen sulphide deoomposc.s tlio alkali fe.rricyaaides; 
alkali ferrocyanide.s and h}’ilroreiroeyaiiic acid are formed,* with 
t he xi-jiumlmi of Kvlphur ; free hydroferricyani(.' acid is ilecom- 
posed ill the. .same manner, as also a solution of potassium ferric.yanidc. 

~i. .\lkali ferricyaiiide .solution,s arc ri'diiceil to ferrocyanides by 
means of liyilroijoH ijrmndr, u ith the cfoliihnn of oriKfin (Weltzieii). 
,\lkali ferrievanide liberates iodine from jiotassiiim iodide solution. 

C, 'I'lic insoluble b-rricyanides an' decimpo.sed nlien lioili'd with 
sodiiDil hi/ilroriilc .ml III ion. 'I’lie liquid liltered from the se|iaraieil 
metal hydro.vide.s will contain either sodium ferricyanide only, or a 
nii.xturc of sodium fei ro- and ferricyanide. 

7. On being lieated with iitnitioiioiritl .'iilrer .mhilioti, ferricyanides 
are decompo.scd in the same way as tin' ferroeyariidi's. Nitric acid 
precipitates silver cyanide from the amnioniacal filtrate. 

8 . I’ltc ferricyanides .are. decomposed, like the ferrocyanides, by 
the action of cold and hot dilute acids, by concentrated .sultihuric 
ai'id, by heating theiii with a mixture of 3 parts of eoncentrated 
siilphmie acid and 1 (lart of wati'r, by heating the acidified solution 
with aiiiuioiiium persrdpliate, and by fusion with potassium nitrate. 


,Sec'. 133. 

(g) Thiocyanic acid (Suljiliocyanie. acid), HCNiS triiiocyanogeii 
ion, C'NS'). 

1 'I'lliocijitiiio ocid is a oolourh'ss oily' liquid, forming, when 
cooled, a c.ry'stalline ma.s.s, melting at and, according to 

Artiis. boiling at 8,5". It has a pungent odour, similar to that of 
acetio acid, dissolves in water and alcohol to form solutions which 
give acid reactions, is poisonoins, and gradually di'conqioses in 
concentrated aqueous solution into hydrogen cyanide and y'ellow 
ery.st.allino persulphocyanic achl, ( 2 N. 282 ff 2 . Dn treating an aqueous 
■solution of thiocyanic acid (or |iota.ssium Ihiocyannii') with a 
large quantity of conceniralcd hi/droclilorlo odd., decoiujiosition 
rapidly takes place. Thiocyanic acid i.s nearly as strong an acid 
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us the halogen acids, and accordingly its aqueous solutions undergo 
pronounced dissociation. 

2. Most of th(^ thioci/anatrs are .solul^lc in water. Their neutral 
af|Ucous solutions are not decomposed on ])oiling, or scarcely so. 
On boiling tliem with (flkah kydroijcn carboiuile^t, animoninin carbonate 
is formed, b\it no hydrogen (wanide. When distilled with dilute 
sul]>huric acid, phosphoric, acid, or tartaric acid, a ])()rtion of tin* 
thioevanogen ion will lx- found in tlu' distillate as dilute tltio- 
cyanic aci<l, tlic rcmain<l<‘t‘ l»eing drcom})oscd. When luxated with 
(lilute nitric, acnl. violent decomposition takes plac<', with tin* 
evolution nf nitric oxi«io and <-arhon dioxide, and tJic formation of 
sulpluiric aci<l. Wlicu ignited in the jirosence of air. all thiocyanates 
ar(‘ (h\ompos(Ml and yield, accoidiiig to the nature of tlie ention, 
sulpiiur dioxide, sulpliates and (yanates, or nitrogen, cy.iiiogen. 
carbon bisulpliidc, and sulphkh'. 

d. Solutions of tliiocyanic acid or of the thioex anates are 
eolourod blood-red by ietric chloride solution, acidiliul with/o/kro- 
c/thne Hcit/ bSe<-. (i2. 10). 

4. Cupric sulphate produces in solutions of alkali thiocyanates, 
if they are concentrated, a black' pr<“cipitate of cupnc il/wcydnatc. 
Cu((.'N 8)2 ; if they arc dilute only an emerald-green (olorat ion is 
produceil. (Uipnc sulfiJidlc s(>liifu)>i miAod with sulphur dioxide m 
e.xcess 1 gives, oven in the case of great ddution, a ])ale reddisli-while 
precipitate of cuprous ihlocpnutlc (See. 7d, J1). 

f). Silver nitrate pr<»due(‘s a ir/^ttc cuscdU'i (urc'piiulr of stiver 
ihioofmiutr. AgCKS, insoluble in cold dilute mtiic aeid, but sohibh* 
in anpnonia solution. 

6 . Mercurous jiroduces a gn'V or wlute jirecijiilate,according 

to the ]>roi)ortk)ns un<l tin* concentration. The latter preeijhiate is 
mercurous tliioeyanat*', lIg.>({.'NS) 2 . 

7. Tliiocyanic, acid or tlu' acidifu'd solution of thiocyanates when 
treated wdtk zitic yields hydroijcn sulphide. 

Skc. 121. 

(h) Hydrosulphuric acid, IhS (Sul[)hide ion Hvdrogon 
sulphide ion, 118'). 

1. Sulphur occurs in very different modifications. Tliat whicl 
is stable at tlie ordinary tcmpcralun* is a-sul]»liur, a solid, ludttle 
friable, tasteless, yellow substance, insoluble in water, formiii} 

1 Or another suitable roduemg agent, wo iSec. 7o, II. 
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rhombic crystals and of .sp. gr, 2 0;) to 2 00. At lll -r a-sulplnir 
melts to an oily, mobile liquid, from which, on solidification, the 
monosymmotriciil modification, ;S-sul|)hur (of s]). gr. 1-975), stable at 
above cry.stalliscs. Above 100- the melted sulj)hur turns 

brown, then incrca.siugly bccomc.s more viscous, but at 100° again 
bec.ome8 Iluid, and boils at -141-5°. 2'he escaping in-ownish-}-cllow 
vapour condcn.ses in cold air lo a. yellow powder, and on the sides 
of the ve.ssels to drojis. Heated in the air, sul[diur burns with a 
bluish flame to sulphur dioxide, v\hieh may lie immediately recognised 
by its siilToeatiug odour, (,'oneentiafed nitric acid, liroinine with 
hydrochloric acid, ufjua ream, and a mixture of potas.siiim chlorate 
and hydrochloric acid gradually dis.solvc sulphur on moderate heating, 
while they oxidise it to siiljihiiric aiid; boiling .sodium hydroxide 
solulion dissolves it to a yellow li<|iiid containing sodium .sulphide 
and .sodium thiosulphate ; it is iii.solnblc in cold ammonia .solution, 
but di.ssol\'es slightly if the .solution is warm. Carbon bisuli>hide, 
bi-nzene, and petroleum spiiit di.ssolve cryslalline snijihur easily, 
but not the amorjihous siiljdnii-, winch also occurs in several modifica¬ 
tions. IJniler i-ertain conditions, esjieeially on the dccoinjiositiim 
of sulphur compounds in aipicous .solutions, colloidal modilications 
of sidphiii- are |)rodnced, wliieli mav cause ehai-aeteristic colour 
|ilienunicna [rf. i), footnote). When a hvilrogen llame is brought 
info eonl-aet with snlphiir (or also with sulphides or ,sulph,ite.s) the 
inner llame will be of a line blue colour. 

2. //i/iln»i(’ii siiljj/iidr, IHS, at the ordinary tenipeiafiire and 
atniiisplierie. jire.ssiire, is a eoloin-ie.ss poisonous gas (easilj- recognis¬ 
able by iIh odour, roealling that of bail eggs), wliieli is soluble in 
w.iter and I i-ansilorily reddens litmus. When igniled it burn.s w’ith 
a blue flame, forming water and sulphur dioxide. Hydrogen 
■siiljiliidc waiter, the properties of wliieli arc de.si-ribed on p. 7u, 
IS decomposed by cblorine, bromine, iodine, terrn- eliloride, per¬ 
manganic .acid, chromic aeid, nitrous acid, and other o.xidi.sing 
agents, w-ith the separation of sulpliiir; oxidation also gradually 
lakes jilaee in the air. 

llydrogen sulphide (corresponding to the halogi-n acids) is a 
very w-eak dibasic acid, with the dissociation constant 0.91.10“^ 
(for till; first stage) ; in accordance with the po.sition occupied by 
sulphur ill the periodic .system, a.s the element corresponding to 
"■\ygen, a certain analogy, however, exists between hydrogen 
suljilude and water. Accordingly the conqiounds of sulphur with 
metals, the sulphides (c.j/. KgS, FeS), or those with metals and 
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hydrogen, the hydrogen sulphides (ejj. NuIhS), correspond on the 
one luind with oxides and hydroxides, and on the other with neutral 
and acid salts. In th(i same way that oxygen can combine with 
metals in their difl’eront valencies to form different oxides and also 
jjcroxides, S(j can sulphur in combination with a metal hjrm difiVrent 
sulphid<‘s (tuonosulpliide and polysulpliidos). According to tlie 
jiature of the clonuMit which is in combination with the sulplmr 
('/.<?. w,hei)ior it is ol(‘t;tro-])(>sit ivc or negativ(i), the hydrogen sulphides 
{like the h}'droxides) liave a basic or acid character. They ajc, 
therefore, also termed sulpho bases and sulpho acids. To tlic 
latter ))elong. apart from hy<lrogen sul[)liide, espe<-,ially tlie hydrogen 
suljdiides of the members of tlie sixth analytical group (cations). 

o. Of the -s’/dp/nWr.s- of fliv ■ooifils only those of the alkali and 
alkalizie (‘aiili rneiaLs .ire sululde in water. Jjilo^ the suljdiides of 
iron, maiig.uiese, and zinc, tlu'y are decomposed by dilute minej'al 
acids, with tJie evolution of hydrogen sul]»huie, which may be 
(easily recognised by its odour and liy its action on lead salt solution 
(sec I). In the presence of tire sulphide of a metal oi high valoiu \. 
as. for example,/c;r<c sulphide or a polysuljdiide (such as Na._.S..). 
a. white precipitate of finely divided suljdiur will simultaneously 
separate, and this may lie easily distinguished from other preeijii- 
tates by its suUiliibty m benzene or jietroleum spirit.^ Home of the 
sulphides of tlic metals of tlie fifth and sixth gi'oups are dissolved 
by boiling concentrated liydrochlorir* acid, with the evolution ol 
hydrogen sulphidi*; utlieis are dissolved, not liy hydrocliloric acid, 
but l)y concentrated boiling nitric acid. The compounds of mercury, 
gold, and platinum resist both acids iikuc or less, but dissolve in 
heated wiua m/m. Jl}di’ogen sulpliate ion is formed by the solu¬ 
tion of Bul])hi<les ill nitrio acid and (unui m/m, and, in addition, 
sulphur generally se[)ara(<‘s. WJien heated in a glass tube fused 
together at the bottom, many sulphidi's, espi'cially ])o]ysulj)liides, 
yield a sublimate of suljihur. All sul])liidcs arc d<H()inpo.sed on 
fusion with potassium nitrate and sodium carbonate. Hulphur is 
found in the aipieous extract of tiie fused mass as sulphate ion. 

4. If hydrogen sulphide, eitlior in solution or in the form oi 
gas, is brouglit into contaet witJi silver nitrate or lead acetate, hlavl 
'precipiiates of sdver tmlphklc or had .sulphide are produced; if 

' Tor the Uctcclion of ])oly.sul|ihid(“8 of ttio alkali and alkaline earth metals 
,7. C'. Tol roconnuends tlrat llJi por ci-ni. alcohol shouhl be boiled in a sinal 
lhv«k and tla^ Koliilion uinler exarmnalioii be added when Ibe alcohol vapoiio 
liave, (‘vpellcd tbe air. In the juvseiice «>f polyaulphide, the liquid temporanb 
assumes a faint i)ale blue coloration, which changes to a periiiancnt greenish-blue 
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therefore, the odour is not a suflicioiit means of detecting the hydrogen 
sulphide, these reagents aiTord the surest proof of its j)resence. 
If it is in the form of gas, and a stri]) of ])aper moistened with a 
l<‘ad acetate solution and a little ammonia solution is inirndueod 
jnt«> the air under examination, tin* paper indicates tlie ])resence of 
fivdrogen sulphide l)y hecotning covered witli a hrowiiish-blaek 
lustrous film of lead sulplihh*. Jf it is a rpu'-^tion of detf'eting a 
trace of alkali sulphide in the ]»r(*sence of alkali hydroxide or 
car])oiiatc,t]ieli<|uid is best mixe<l with a solution of sodium plumbate, 
which is prc])arod by trealing Ica<l acetate solution with sodium 
hydroxide solution until tlu^ pre(‘i])itain lias re-dissolved. 

b. On treating a li(|uid containing hvdrog<‘n sul])lijd(‘ or alkali 
sulphide wit h sodium hydroxide and t hen with sodium nitroprusside, 
i\'a 2 lb‘(NO)(<'M) 5 -[' 21 bd), (hr lujui^l bccottic^ mhfish-r'mhl. The 
reaction is very smisitive, but in tliis resjaa t is exciM'di'd by that 
witli sialium ])Inmbat(' (see 1)^ A strip (d lill<‘r ]»a|)er, saturated 
with an ammonia<al solution of sodium uitroprussidi*. may ]>e used 
for l.Jie (!ef(Mtion of gas(‘ous ludrogeu siilpliide (Kr.il. (Jeissler, 
Zi'lfsrh. anal. ('Iinni , 36, 61)6 ; Seliecli\ , 42, 1SI). 

ti. K\'C(‘edinglv .small truces of hvdrogen sulphide in aqueous 
solution may lie defoeTed by adding volume of hydroeldoric 
aei<l and a few' grains of paia-ain/nodinirflDjlatnlnn’ suJplail<\~ and, 
as Soon as tin* Iatl<T has dissolvt'd, one or two drops of a dilute 
h'lrie, ehloiide solution. In the presence of hydrogim suljiliiih' t/a’ 
ll</aal will bcconin inire blue, owing to the formation of inctlniJme 
blan (IT. Caro, E. Eischcr). 

7. (Jn .adding 'nwrcunc chlorldr salalion^ droj> by drop, to a strong 
hydroeldoric acid solution containing but hf/lr hydrogen suljiliide, 
a lemon-yellow InrhkUty or preiiijiitate will ii'sult. (A \(“ry sensilivii 
reaction. E. Ti»‘<]e and J<\ bhsclier, Ber., 44, 1711 ) 

On heating siil])lii<les in the o.ialahon an it of a yas or blow- 
!>'ye flame, tJui sulphui' contained in tlu-m will luiin with a blue 
fl.ime and emit the waJI-knowm odour of suijihur dioxide. I f sulj>liid(‘s 
.ire heated in a glass tube oj>en at <‘acli end, ludd obliquely, aud 
liaving inserted in its upjier end a pi(‘cc of moist. Idin' litmus pa]>er, 
the ])a]KT will ]>e turiu'd red by the escajiing sulphur dioxide. If 
tlie products of tlie combustion are allowed to c.ome mto contact 

^ Cf. Virgili, Ghnn. Zt-tii)., lilOO, IJ., JX)U. 

“ VVitli regard to the prejwratieu of tlui ivageiit, cf. Zi iImJi. anal. Chem., 
23. 2lN>. Fondlor .and vSluber recommend, in tho place of the reagent in solid 
toim, the use of a J pin- cenl. to-'Idy ])repnr<-d solution {Z>ila}i. 

Xahr. Ocmi.ss., 22, 10b). 
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with tlic liil of a crucible inoiatencil with an etlicreal phloroglucinol- 
vnniUhi Kvhilhn, a characteristic red coloration will appear (Raikow. 
ZciUch. aiKiI. Clmii.. 49, 701). With regard to further reactions for 
the detection of aniall (juantilies of hydrogen sul 2 )hidc. (y. Curtinan, 
Zi'ilsch. iDiiiI. Cltrin., 25, OGl ; Italic, Clifiii. Znilr., 1891, 11., 
498. 

9. On boiling a finely ])owdered sul|ihide in a jioreelain di.sh with 
alhdiJiijclroxidr xohiliov, and liaiti'/ifi il iivtil the (Mali hydremde 
hi'f/itiK lo fiisr, or on fiximi the substance with alhdi hydroxide} 
then di.ssolving the mas.s in a little water, introducing a small jiiece 
of bright tnhxr (a brightlv poli.shed coin), and heating the whole, the 
metal becomes hrou'tiix/i-bhwk owing to the presence of mhirr stdjiliidi’. 
The .silver may be made bright again by rubbing it with leather and 
calcined lime (v. Kobell) ~ 

It). If the jiowder of a suljihide which is not decomposed, or 
only slightly so. by hydrochloric acid, is mixed, in a small cylinder 
or wide-necked llask with an cipial volume of finely ground uoii. 
free from suljihiir (fernim rdnihulisaluiii of the ]ihar.aco|Heia), and a 
layer about 1 millimetre high of moderately dilute liydrorhloric acid 
potired over it (1 volume of water to 1 volume of concentrated 
acid), hydrogen sulphide will escape, with the hydrogen ; the former 
may be ra.sily recognised if a strip of paper, moistencil with lead 
acetate solution and then dried, is lixed into the neck of the hash 
by means of a loosely fitting cork, and in such a way that it. 
covers the bottom and sides of the cork. Realgar, orpiment, and 
molybdenum .glance do not give this reaction (v. Kidiell). 

11. With regard to the microchcmical diiccliv/i of sidjdiur, see 
Ilaiishofer, MihroMopischc Rcallioiicii, p. 11,9; Behrcns-Kley, 
Milirochrmi/ichc Amdysc, 3rd 'cd., ]i. 151; l'\ Eniicli, Zctluch. anal. 
Chem.. 32, 56, 101 ; fschoorl. Ibid., 48, G75. 

Sec. 125. 

Swmmry and Remarks an the Anions of Grnnp II. 

1. The anions of the second grouji are shared}' defined from 
those of the fir.st and third, in that they yield, with silver nitrate, 
precipitates which are insoluble in diltitc nitric acid, whilst those 

^ With reg.ard to the inttueuce of sulphur eoiitaiiied in itluminating g.as, 
see p. 76, footnote 1. 

® With regard to a process for flic detection of alt kinds of aidphur com¬ 
pounds, based on the same principle of conversion into alkali sulphide, cj. 
Delissen, Zeitsrh. aval. Vtirni.f 52, 4111. 
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of iku third do not produro a ])roci|)itato witli silver nitrate ; 

altliouj^h those of the first group generally give silver 2 >reeipitates, 
yet these re-dissolve in diln1<* nitric acid, so tlnu’e can he no question 
of confnsitig them with those of the s(‘cond group. 

The dilfei'ent cJiaracleristies of (he silver compounds of individual 
niemlMTs of the second group, as r<\gaids tlu'ir colour and tlieir 
sohihility m ammonia solution, should, in tlie main, only he us(‘d 
lor the purpose of distinguishing bet ween tlumi when nttt nuire than 
one of these anions is present. * 

2. Sidphidr ion. which may usually he detecleil hv its odour 
on being dissolved or acidilied. and, in anv case, mav he r<‘cognised 
hv I lie fact that it gives a black jm'cipitale with silver nitrate, 
interferes witli the detection of the otheranions of the sec<md group, 
and must, tluu'c'fon'. he rmnoved before applying tests for these 

('/• •>lw' !'• C.S). 

Tf free liydrog<m sulpliide is present and th<‘ solution free from 
cvanidiy th(‘ foruKU' may h<5 hoil(Ml olf and mav he re<'oguis<‘d ]>y its 
<id«uir during tin* proci'ss or by tlie tests giv(‘n in Sec. J21, 1 or 5. 
tMherwisi' tin* siilphhle ion mav h(‘ remov«‘d liy adding an alkaline 
znu atc* Solution (zinc sulphate iriailiMl witli suilirhmt alkali liydroxidc 
solution to re-dissoIv(‘ tln^ jirccipitutc fust formed), and filtering 
olT the resulting zinc sulphide. 

If ail insoluhle mixture of sul])hides witli ililorides, bromides, 
or iodides is ]u“<'S('nt, it should Ix' fused with sodium rarlxmate and 
[tota.ssium mtratiyand the fusi'd mass tieat<'<l w’ith carlionic acki 
walcr. Tdie solution tlien contains the sulphur as snlpliate. ion ; 
al'^o elilorine. bromine, or iodine ion. Bromate and iodatc* ion may, 
of coiirsi', have been formed as wadi. In order, therefore, to reduce 
those to hromiiK* or iodine ion, <lilute snipliiiiie acid and sulphur 
dioxide or another suitable ledueiug agent in slight excess shoulil 
be added. 

•k Frrron/onoi/t-'n, fcrriafdnoficn, and f{ttocjid)io(/4 n 'oois may l>o 
readily rei^ognised by tlieir cliaracterist ic rear (ions wdth ferrous 
sulphate or ferric chloride, even in (he jiresenee of the other memliers 
of the second grou]). In te.sting for thioeyanogen ion, liow'ever, 
note should 1)0 taken that in the prcHcnee of iodide tlie iodine i.s 
liberatisl hy ferric cliloride ; the iodine dissolve's in an excess of 
alkali iodide solution, giving a red liquid. On the addition, however, 
of oven one drop of ferric chloride all risk of a mistake is obviated. 

Fen<fc/jan<njen {<m may he separated from ferricyaiiogen, cyanogen, 
thioeyanogen, (ddorine, and hroinme ions, but not fi'om iodine ion, 
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by ilie froslily-scuaratcd silver j>rccij>it.ute witli ammonia, as 

silver forrocyanido is insoluble in ammonia solution, 

4. Cytrnofie}) imt Tuay Ik* roc.oi>nisod in the absence of ferro- and 
feTnc.yan(>^en ions l)y the I’russian blue reaction with a ferrous 
‘ferric^ salt; in tbe absence of tliiocyano^i^en ion by conversion into 
thiocyanate and treatnuMit witli b'rric chloride (Sec. 120. 8).^ 

(yano^en ion may be separated from ferroc,yano<;en, ferri- 
cyanogon, and from thiocyanogen ions ((/) by treating it witli sodium 
hydrogen carbonate and distilling the li(|uid (see Part II., liubric 
No. (•'131) 2<i). Only hyilrocyanic acid passes into the distillate. 
(It) (Vanogen ion in the jiresence of ferrocyanogen, ferricyanogen, 
and thioc.yanogmi ions may be* detected by adding the solution 
under examination to an ammoniacal solution of a cupric suit 
treated with a little liydmgen suljdiide. Decolorisation is jn'odiiced 
by cyanidi‘s, but not by the other ions (Barneby, Chem. Zrnfr., 
1!H4. 11., 4.35). 

The det<‘ction of rf/tniof/rv avd hydrofien cifanide jiresent togetJier 

* A t,ii(u‘;d woik on (to niosl iin|K>r(imt ix-actions of li)drocyanio aiut lia.s 
hoon i>nl»lisho(l l>v I'k Ajnt r.son, Znheh. unul. (Jfnnt.^ 55, Wo j.'iv** licto 

<Ih‘ jabli' m wlm li Anderson sets out. tlio result ol liis <*xpeiiincjds on tin* 
s<‘nsiliv<MU‘ss of tile \anoii.s reaitions. 
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in gaseous mixtures may, aceonliug to Rliodes {Zi’ilnc/i. imiil.' 
Oheni., 53, 199), be effected l)y conducting tlie gas tlirougli 
.al)sorjition tubes containing silver nitrate solution, whicli lias been 
acidilied witli nitric acid, and then tlirougli tubes containing 
N/2-|)otassium hydroxide solution free from chloride. In the ffr.st; 
absorption ve.ssels hydrocyanic acid is retained and separated as 
silver cyanide, whilst the cyanogen gas is ab.sorbcd by the jiota.ssium 
hydroxide. The resulting potassium cyanide may be recognised 
by the known methods. 

The detection of iodine, bromine, and chlorine ions may be 
interfered with by the pre.sence of cyanogen and tliiocyanogen or of 
coinjilex ions containing cyanogen. Ifence, if necessary, these must 
lirst b(' destroyed or removed. 

(a) This may be done, by precipitating all the anions of the 
second groiiji with silver nitrate after removing the sul[)hide ion (see 
2 ), and 'h/nilivg the sep.araled and waslied .si/ccr pnr.i/iiliilc (apart 
from the lilter) in a ])orcelain crucible. Whereas silver chloride, 
silver bromide, and silver iodide do not decompose on fusion, the 
Sliver salts id evanogen and cd' the complex cyanides are, decomjiosed 
and leave, only silver as a. residue, which, in the presence of silver 
thiocyanate, may contain sulphide, (a) liy fusing the residue 
olitained after ignition with atidHDii jiotdssinm, CdiTxiiiiilc (to which 
a little put.assiuiii iiitrat.c is added if Ihiocyanogcn was originally 
jireseiit), and extracting t he fused mass with water, there will remain 
111 solution only alkali chloride, bromide, and iodide (possibly also .a 
little alkali sulphate, bromate, iodate, nitrate, and nitrite. Wee the 
end of 2). (/3) Instead of fusing the ignition re.sidiie of silver salts 

with alkali c.arbonate, it may I o reduced with nascent liijdrot/xii. 
It' is trealrcd with dilute sulphuric acid, a fragment id zinc added, 
allowed to stand for .some time, and the result ing solution containing 

I lilorine, bromine, and iodine, ions, togidher with zinc ion, filtered. 

II tliiocyanogen was originally present, the, solution may be freed 
li'oni hydrogen sulphide by boiling it, or by rendeiing it alkaline, 
and filtering oil the zinc sulphide. 

(h) (lyanogen, ferrocyanogen, and tliiocyanogen ions may he 
removed by prccijiitalion with cupric syljihatc in the presence of an 
excess of sulphur dioxide. In tlii.s case, however, iodine ion is akso 
prec.ipilated, whilst the liltrate may he tested for chlorine and 
hroniine ions. Bromine may be liberated by potassium permanganate 
and siilphiiric acid (Curtman and Wikoll, Vliem. Zentr., 191.5,1,, 1280). 

li. lodinf ion may be recognised easily and with certainty 
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(o) by its reaction with pallad-ous chloride, by means of wliicli it may 
also be separated from bromine ion (Sec, lit), b, and Sec. 118, 4), 
and especially (h) hi/ lihcrativg the iodine in its clenirnlriri/ condition, 
arnl notiixj the blue coloration it r/itrs with starch pastc,^^ or the violet 
coloration of its solation in carbon bisalphidc. 

These two reactions may be interfered with by the jiresence of 
eyano"cn ion (whieh in such a case nmst. be removed, as in 5 (n)), 
and by bromine or chlorine. Conaeqiiently, if they are jiresent, 
the io(fine must 1)0 libenited l)y such means or under sneh conditions 
that the bromine or chlorine is not set free. 

The reaetioii with caihon bistdjdiidc may leail to errors in the 
l)reaence of thioojanoiicn ion. if nitrons acid is used for the liberation 
of the iodine, because even in the alisence of iodine this may jirodnee 
a red coloration (Nadler). 

The .starch iodide reaction is inflnenecd by the jiresence of many 
salts—alum, macnesinm .snijiliate, alkali sul|)hate, etc. 

The starch iodide, an also the carbon hisul)dnde reaction, may he 
entirely jircvented hv the jiresence of many orfianie substances, 
c.ij. by albumin (Puchot), resorcinol, orcinol, and jihlorojilucinol 
(fflasiwetz), tannin, and others. Organic siihstanees inu.st, therefore, 
he removed before making a test for iodine, c i/. by fusion with 
alkali carbonate and potassium nitrate, or the iodine should be 
expelled as vapour. 

(c) To hherate iodine nitrons aeid dissolved in sulphuric acid, 
or jiotassium nitrite and dilute sulphuric acid, or red fninine nitric 
acid, may he specially recommended (see, liowcver, ti (h). third 
jiaragrajih, and 7 (a), fourth paragrajih). .Ijiart from these, many 
other methods have been jirojiosed, as, for instance, iodic acid or 
alkali iodate and hvdrochhirie ai'id (Liebig), ferric chloride (or 
ferric sulphate or iron auimonium alum) and snljihuric acid, jilatino- 
hydroehloric acid and sulphuric acid (Jlcmpel), jiotassium jicr- 
manganate, or chroinic acid in dilute acid .solution, etc. 

In this connection we make the following ohservatioiis ;— 

Iodic acid should only be used with the greatest care, as on the 
one hand, iodine may be liberated from the reagent by reducing 
agents, even in the absence of iodine ion in the substance under 
o.xamination, and, on the other liand, an excess of iodic acid 
immediately inhibits the reaction. 

* l'’(ir .special iletails of motlioils for carrying out tliis reaction, referonoe 
should be made to .Morin, /iro/.t. Chun., 78, I ; and llenijiel, ,lmi. Chun. 
I'hann., 107, IU2. 
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The ferric compounds do not act iininodiatoly in the case of 
very dilute solutions. If, liowever, the mixture is allowed to stand 
for some time the reaetiou is very sensitive. An excess of the 
reagent d(»es not inal-tcr. Tliis method of liberating iodine is 
especially to l)e recommended if the iodim* is to be exjielled in a 
gaseous form, e.cf. in the ])r<‘sence of thiocyaiiogen ion. or of organic 
.substances wiiicli inteib're with the identification r(‘actions. In 
sucIj a case the solution should b«‘ heated almost to boiling point 
and the vapour allowed to come in contact with ]>ap(‘r moistened 
with starch paste. 

Ib'rric salt, free from chloride, may also lie used with advantage 
for the srporatiott of iodim* from chlorine ami bromine ions, tlic 
jjlMuated iodiii(‘ being separated l>y shaking with carbon bisul])hidc 
{sec 7 (h)). 

The reaction with plolinolnjdroehloric (icni is characterised liy 
the fact that it gives a dark red coloration (sec Sei^. ‘>J, }>. 151). 

To detect iodine bv imams of starch paste in a s<»lution in which 
it lias b(‘cn bln'ratcd with p<‘rnK(tfff((ttat<\ the r<*action should only be 
noted alter six to twelv(‘ liours, as otiiorwise the jiermanganatc 
coloration may iiavi* a disturbing elfcct. 

Pcrinaiiganate and nitric acid can oxidise all the iodine ion 
to iodate ion on healing, whilst chlorine ion and l)rominc ion are 
(‘onvmted into volatile compounds (A. K. Seeker ami Afathewson, 
Zcilsch. (UKtJ. 55, 20]). 

(<l) The separolion of i(di}(C ion fnuu chlorine and bromine ions 
may be etfecte(l by tnniting the precipilatiMl silver com pounds infh 
ummotnu, ami more (:(jni})letely by preeipiluiimj {he iodine, ion as 
eufiroHs iodide (S<‘c. 110, (i).. Iodine ion is be.st separated from 
bromine ion alone by means of palladnus ehlonde, which only pre- 
i ipitates the iodine ion ; it may lie separated from cJilorinc ion by 
means of palladous nitrate, or, after the addition of a sulTicicnt 
<pJ>intity of ammonium sulphate, by thallous sulphate (Jannasch 
and A.schotl'). 

7. The properties of free liromine, e.<j. its colour, its odour, and 
especially the reddish-yellow colour of its solution in carbon blsul- 
pliide, are charac.teristic of bromine ion. It is, however, only po.ssible 
to ob.serve these properties with certainty when iodine or chlorine 
cannot bo simultaneously liberated in the elementary condition. 
Bromine ion must, therefore, be separated from tliciii if they are 
present. The iodine may as a rule be detected simultaneously. 

(a) The iodine is liberated by an agent wbi<*h lias no eflect 
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oil bromino ion, that is to aay, cither by the additiou of ferric 
chloride or potassium nitrite or a solution of nitrous acid in con¬ 
centrated sulphurii^ acid, or nsl fuming nitric acid to the liquid, 
slightiv acidified wiidi sulphuric acid. 'I'he presence of iodine may 
be detected by shaking Die liipiid, with carbon bisulphide, which turns 
violet, or by means of starch paste, which turns blue. 

If chlorine water is gradually added with constant stirring, the 
iodine reaction is at first intensified, but the colour will then fade, 
owing'to the formation of iodine chloride, and, finally, on the further 
addition of chlorine water, hrominc is liberated ; this may be recog¬ 
nised by the fact that on shaking the, lif|uid with carbon bisul- 
])hide the latter turns nsl. An excess of chlorine water should be 
avoided, as ofherwisc the bromine coloration will disappear (Sec, 
118, ti). 

In the, jiresencc of much iodine, the liquid, sh.aken with carbon 
bisul|diide, may be jamred through a moist filter instead of converting 
all the iodine into iodine chloride ; the carbon bisulphide containing 
the iodine will remain on the filter. 'I'he filtrate, is now treated with 
fresh carbon bisulphide and chlorine water added. If all the iodine 
was previously liberated, I ho bromine, coloration will now appear; 
otherwise the carbon bisul[)hide becomes violet again, and only turns 
reddish-yellow after the addition of more chlorine water. 

If a chloride is also present in the solution, and it is a question 
of amall qmmlUics of iodine ion, great care must be taken in adding 
nitrous acid (one drop of the nitrite solution is sullicient), so that the 
iodine reaction docs not disappear, owin,g to the appearance of 
by-rcaetions. 

(6) 'J'he iodine may also be, expelled by heat, after it has been 
liberated by sulphuric acid and feriic suliihate (free from chloride), 
the solution now free from iodine heated with potassium [lermanga 
nate, and the bromine expelled and conveniently fakiui up in a 
little ohloroforui. 'I'he permanganate in I,he residue may be reduced 
by means of alcohol, and the test for chlorine ion ma.de with silver 
nitrate (Hart). 

8. Ohlorlne ion may be recognised, in the. absence of the other 
members of the second groiqi, b)' |)rccipitatiou with silver nif rali'. 
as well as by its properties in the. elementary condition. 

In the presence of bromine and iodine ion it may be detected 
in the following manner :— 

(rt) The solution in whiidi the halogens are present, together 
with the ions of Idle alkali or alkaline earth metals, is heated with 
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dilute (2 to 3 per cent.) acetic acid and lead 2)Croxidc, until the 
liquid is almost coloiu'le.ss on .standing and no longer has the faintest 
odour of iodine or bromine. In this [uocess all the bromine and a 
j)art of the iodine escai)es, llic re.st remaining as lead iodate with 
tlie excess of lead 2 )croxidc. Tlie liquid i,« filtered, the 2 )reci 2 )itatc 
washed with boiling water, and tlie eliloriiic ion in the filtrate 
lirccijnlatcd with silver nitrate (I'ortmami). 

If cyanogen ion wa.s also originally pre.sent, it is advisable to 
expel this first, by heating the solution for a sullieient time with 
acetic acid before the liquid is heated with lead pero.xide. 

(h) Tu drti’Ct chlorine, hrominr, and iodine no/r m the jiresrnce 
of one. another, the freshly obtained precipitate id sih or chloride, 
silver bromide, and silver iodide (wa.slied by deeanfalion) is heated 
with about 80 to ItX) limes its weight of an acpieous solution of 
ammonium scsqiilearbonate {.See. 117, 1, j) llti, footnote) for 
2 or minutes until it boils, the ini.xliire allowed to stand for a short 
time, decanted, and again boiled with a further quantity of ammo¬ 
nium sesquicarbonate .solution. The solution will contain .silver 
(hloridc (together with a trace of silver bromide). On treating the 
resiiluc of the silver bromide and silver iodide, with 5 2 >cr cent, 
ammonia solution (sp. gr. 0 'J78.'!) the silver bromide (with traces of 
silver iodide) dissolves, whilst almost the wliole of the silver iodide 
is left (Hager). The 2 >reci 2 iitates from the ammoniiieiil solutions, 
and the still undissolveil silver iodiile, ma\' then be fused separately 
with sodium carbonate. On treating the fu.scd masses with water, 
and filtering the liquid, the halogen ions in almost jmre condition, 
as well as .sodium ion, will be toiind in the rcsjiective solutiori.s, and 
furl her tests may then be made. The detection of chlorine ion is 
best elfeetcd by almost neutralising the, liquid with .snljihiiric acid 
(the reaction must, however, remain alkaline), cvuqiorating it to 
dryness, fusing the re.sidne with 2 iotassium diehroniate, and testing 
it according to See. 117, 8. The following 2 U'oeess for rleteeting 
Binall quantities of chlorine, ion m the jiresence id iodine and bromine 
Ions is based on a similar 2 irinei 2 ile. 'The conqiletely washed silver 
[ireeipitatc is treated for a few minutes in the, cold with 1 to 5 times 
its volume of a 10 to 1.5 per cent, solution of aiiunonium sesqui¬ 
carbonate, allowed to subside, filtered off, and the filtrate treated 
with polaemiuni bromide. The silver ion, which dissolves as silver 
chloride, and consequently the chlorine ion, may be recognised by 
the formation of a 2 )reci 2 iitate. If iodates or cyanides were 2 ircscnt, 
they should first be destroyed (L. L. do Koninck). 
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(c) (Ihloriiie, bromine, ami iodine ions in the presence of each 
other may Ijc recognised by spectroscopic methods (Al. Mitschcrlich, 
Zeilsch. anal. Chfiii., 4, 153).' 

9. A systematic course for the detection of all members of the 
second group of inorganic anion.s has been given by H. C. B. Weber 
and JI. A. Wmkelmann, ('hem. Zciitr.. 1017, I., 311. 

It is based on tlie following ]irinciples : (u) The solution i.s 
treated with zinc nitrate and nitric acid. The precipitate contains 
zinc ferro- and ferrieydnides. It is filtered oil, di.s.solved by means 
of .sodium hydroxide solution, and treated with ammonia. Zinc 
ferrocyanide is precipitated, and may lie converted into I’nissian 
blue ; zinc ferricyanide remain,s in .solution and, on tlie addition of 
nitric acid, i.s precipitated, (h) Silver nitrate is added to the filtrate, 
of (a ); the ions of cyanogen, thioeyanogen, chlorine, bromine, iodine, 
and sulphide ion are precijiitated as silver eomjiounds. (r) 'J’lie 
precipitate is treated with mercuric acetate, whereby silver ei-anide 
is decom]josed. (fyanogen ion then dissolves as mercuric cyanide, 
and may be detected, ep. by conversion into thioeyanogen ion, 
(d) The residue of (e) is treated with sodium formate and sodium 
hvdroxide, silver thiocyanate, and silver chloride being decomposed. 
Thioeyanogen ion and chlorine ion dissolve as sodium salts. 'I'lie 
former is separated as cuprous .salt, and the chlorine ion is preeijii- 
tated with silver nitrate in the filtrate from this, (c) 'I'lic re.sidiie 
of (it) is treated with copper and ammonia ; bromine and iodine 
ions dissolve as copjier-ammoiiia roiiijiouiids. The latter may be 
separated as cuprous iodide, the former as silver bromide. (J) The 
residue of (c). silver sulphide, is oxidised vidth nitric acid to silver 
sulphate, and the sulphate precipitated with barium nitrate.- 

^ Witli regard to tlio deteetioil of small quantities of elilorino ion in the 
jirosence of much iodine ion, e/. Jlietzell, Zciht'li. anal, Clicin., 8, laZ ; small 
quanliiieaof bromine ion m tlie jire.seilee of elilorine ion, Berglung, Ihkl., 24, 
18t; .smalt quantitie.s of elitormo oj- bromme ion in tlie pre.sence of muub 
iodine ion, Bolilig, IIjiiI , 9, iSI.'i ; small qu.intdles of iodine m bromine and 
bromides, .lori.sseii, Ihat.. 1ft, Z.jll : ehlorme, bromine, and iodine ion m tbe 
preseneo of each otlior. lleeluin. Ibid., 28, 7fld l Jones, tVeii/ri. Zciilfalli., 25, 
183; Maciiair, /tiff., 34, 5111; Hager, Clam. Ziiitr., 1885, 315; F. Keblor, 
Ibid., 1893, I., 31i5 ; ami Ibu eolleelivc articles, Zctla'li. anal. Clam., 34, 599 
and 752. 

2 Other methods bavo been proposed for the, doteetion of tin* ions of elilorine, 
bromine, iodino, cyanogen, ferroeyanogen, ferrieyanogen, also of ehtorate, 
bromato, and iodate lon.s (or hydrogen sulphide) in the jiresenoo of oneanothor, 
bybongi, Zcifcc/i. (inal. f 7n’»i.,23,79 ; and by Wells and Vulto, I’harm. Zentralh., 

31 , 118 . 
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31eiiilicrs of rarer occurrence of tiu; recoml i/rouji. 

TIic anions dcscribcil in tho following Sootions 120-129 cannot 
lie. given definite positions in the system of analytical grou[)in". 
They yield no ])reeipitates witli liariiini chloride, therefore do not 
belong to the first group ; they give precipitates with silver nitrate, 
and therefore do not belong to the third group ; their [irecipitates 
with silver nitrate are unstable, dceoinpose with the separation of 
Sliver, or are more or less soluble in water or nil l ie acid, anib there¬ 
fore .seareely belong to the members of more freipient oeeiirrence 
of the second groiiji. 

Sec. 12(i. 

1. Nitrous acid, UNO., (Nitrite ion, NO',^). 

1. The anhi'dride of nitrons acid, iiilrogeii tiio.xide, Ngttj, is, at 
(he ordinaly teinpcrature, a brownish-red gas, which, when subjected 
to cold, can be conilenscd to a blue lii|iiid. It dcconiposc.s in 
gaseous form to a certain extent into nitric, oxide and nitrogen 
peroxiile, Njt t, ^ NO-|-NOa. When brought, into Contact with 
water, it decinnpo.ses (at least the greater jiortion of it) into nitric 
oxide ga.s, which escapes, and nitric acid, which dissolves : 

3N,03-(-1U> 2nN(hj I 4N() 

2, Nilrouri (icitl. IlNO.j, is not known in the free eoiidilioii. 
Although it dis.solves in water, it generally decom)io,ses in tho 
procc.ss ill the above-mentioned manner, 'I'lie anion NDN combines 
with metal.s to form salts, nitrites. These are nearly all .soluble in 
water, and are decomjio.sed on ignition, If treated in the solid 
condition, or in eoiicentrated .solution, with dilute siilphuiic acid, 
nitrous acid is liberated, with the formation of sulphate ; the nitrons 
acid, Jiowever, decomposes immediately into nitric oxide (which is 
o.xidi.sed in the air to reddish-brown nitric peroxide) and nitric acid. 

l‘'roni very dilute solutions of nitrites, howeM'r, it is jiossible, 
by moans of aciililieation with acetic acid and di.stillation, to obtain 
a liipnd in which almost all the nitrous acid is present in aqueous 
solution in undecompo.sed form, and since the greater portion will 
have distilled with the first fractions, it will be jnesent in fairly 
coiiceiitrated condition. 

Nitrous acid is a moderately strong acid, about 2t) times as 
.strong as acetic acid (dissociation eonstants (l.'l.■|.10—3). Its salts 
are slightly hvdrolysed in aepieous solution, and in fresh solutions 
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give a faint alkaline reaction. The alkaline reaction is increased 
if the solutioirs arc allowed to stand, as a portion of the NO '2 ion 
is doconipo.scd into NO and NO'^ and the positive charge disappear,s, 
being withdrawn from the, II' ions ]>re.scnt in the solution, with the 
simultaneous formation of hydroxides of the rc.spcctive cation and 
the evolution of hydrogen. 

Owing to the instability of nitrous acid, it-reacts, as do its salts, 
comparatively easily, effecting l)oth oxidations and reductions; 
but since the nitrites are nearly all soluble in watei', it gives few 
precipitation reactions. On the other hand, it reacts on many 
organic substances to form coloured compounds, and e.specially 
on aromatic amino compounds, with the formation of dia?,o and azo 
comjKnind.H. 

y. Sibvr nilntU' jiroduco.s in nitrile solutions a white, precipitate, 
soluble in a large (piantity of watei', e.sjjecially on heating. 

4. Coixillimti cMuridu and dclic acid >ie!d with jxitiittsiitiiinilrilc, 
without further aildition (with another nitrite it a pvtaxuKim suit 
is present), a yellow precipitate of ‘polassiuni cidxilliiiilrilc (uf. 8ec. 
118, 6 ; .Sec. GO, l.'>). 

D. Ferrous sulphate in excess produces in neutral nitrite solutions 
a pale brownish-yellow coloration, which, on the addition of iin 
acid, however, is dark brown, owing t.o the nitric oxide dissolving 
in the ferrous sulphate solution; this coloration is also produced 
by weaker acids— aaiic acid or cihic acid. (Distinction from nitrate 
ion, which does not give the reaction in acclic acid or citric acid 
solution.) 

G. loflinc is liberated from iodides, e.i/. potassium iodide or zinc 
iodide, by means of nitrite solution acidilied with sulphuric acid. 
This .sensitive reaction i.s generally carried out by treating the licpiid 
under examination with a Starch paste oJ potassium or zinc 
iodide 1 and acidifying the liquid with sulphuric acid (Trice, 
Schonbein). 

If the solution under examination contains O'OOl per cent, 
potassium nitrite, the reaction will take place after a few seconds, 
and if it contains U'OtKIl per cent, after a few minutes. The reaction 
is, of course, only decisive if no other substances which liberate 

^ A stable zuio iodine stareli solution may be obt<ainccl as follows: 4 gruia. 
of iiowdorcd starch and 20 guns, of /iiic chloride are boded wilb about 100 grms. 
of distiiletl watc‘r, the evaporating water being ivplaecd until tlu' crust over 
tho starch w almost completely dissolved ; 2 grms. of dry zinc iodide are then 
added and tlio whole diluted to I litre and filtered. The solution should be 
kept in wclbclosed bottles in the dark. 
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iodine are present, e.g. ferric chloride i or euprie salts. If the 
roacti(»n is to l)e used for tlie exanunat ion of drinkino-waier, and this 
disturhin*; influence is feared, about ;5(K) c.e.. jnay be acidified with 
acetic acid, distilled, and the first dro}).s received in the zinc iodide 
starch paste (acidified with sulphiinc. acid). Naturally no sub¬ 
stances whiidi destroy nitrons acid, r.g. liydrogen .snl[)hide, must be 
present in the. Ihjuid which is to be distilled. 

7. Kiidrofjen snlphide produces, immediately in solutions, ron- 
tainin*' fr(^<; nitrous acid, and gradually in tlie solutions of neutral 
alkali nilrit(‘s a lokilr prccipifatc of sulphur. 

<S. On treating water witli indigo solufion nntd it becomes opa«jno 
and then with hydrocMoric add and just sullicient albili polgsulghidc 
to <lecolorisc the solution com])]ete]y. ami finally adding to the 
clear filtrate, a lujuid to be tested for nitiite ion (eg. drinkinjj; water), 
(( dislmct blue coloration will apjxnir, even in the case of very con- 
siderabh^ dilution (.Selidnbein). 1’he reaction is only decisive wlimi 
(»ther oxidisinj^^ substances are not jncsent. 

9. A solution of d/iphcnylawinc in eoneentrated sulpburjc acid 
IS coloured deep blue by nitrites. Tlie reaction is sensitive, but 
not (diaractoristic, as many otli<‘r oxidising aj^enls also produce a 
l)lin‘ coloration fSec. lot), 10). 

10. Uyrof/allie add gives a hrou'n coloration to a solution of 
nitrites acidified with sulj>liiirie acid, even when veiv ililuto 
(Selionbein). 

11. A slightly ae.id nitrite, sedution (tn'afeil e.g. wilh aietie acid) 
IS not cliaiig(‘d by pofassium (hiocyanaic, Init on the addition (d a 
■'■hotaf add’ (nitric, acid, hydrm'hloric acid, sul])huric acid) a dark 
rc<l <u)!oration will ap]»ear; this di.sa])pears on the additi(*n of 
ideoho! or on boiling the liipiid for a short time. (Distinction from 
h'lTK-. t!iioe.yanal(‘.) Wliim shaken with carbon bisuljibide the 
colouring sulistance is, to a great extent, taken up by it . 

12. Potassium, permanganate (lo(‘s not react with nitrites in 
neutral solution. In acul solution it is reduced liy nitrites and 
(“onscijiiently decolorised. 

13. On treating a licjuid containing nitrite ion with a colourless 
soUithm (d nietaphenylenediamine in an o.xeess of dilute sulpliurie 
a<ad - or hydrochloric acid, a characteristic yellow coloration will 
■ippear, even in exceedingly ililute solnti(nis (lA Oriess). 

* Thr«li.sturf)iaginHiienccof forric .salts maybe ol)viat(“<l liy llio adilition of 
'f'^^odiurn hydrogen phosphate* (Aitmann, Clu ni. Zt lUr., UH,‘I, I . 2002). 

■ 'I’he sohUion la deocjloriscd with animal charcreal,and may tiu-n be kept 
f"r months in a elo;«‘(l veaael. 


31 
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14. On adding to adiquid containing-a nitrite ion a solution 
of sulphamlic acid, mixed with a colourless solution of a-naphthyl- 
aininc in acetii^ acid.i and heating it at 70° to 80°, a red coloration 
will appear, turning rapidly to yellow in concentrated solutions, 
and a permanent ])inkish-red coloration in dilute solutions (P. Griess, 
L. llosvav, Inmge, and Lwoll). il. Erdmann {Zeilsch. avgew. Chew., 
13. nn) recommpmlH in addition to siil])lianilic arid the use of 
'i'8~aminonapftth/)l-i'G-disuIphonic acid (so-called aminonaphthol-K- 
(tcid). This yielils a very intense wine-red coloration .2 

ir>. For the detection of nitrous acid in conc^eritrated sulphuric 
acid the following reaction is especially suitable ; A trace of rcsorcwol 
is added to 1 c.c. of the acid, the mixture diluted with 5 c.c. of 
water and shaken. The smallest trace of nitrous acid may be 
detected l)v a yellow coloration (Wilson, Deuif^os).^ 

10. Witfi regard to th(‘ ■ancrochc'tmcal dclcdioH of nitrites, see 
Hehrens-Kley, Mikrochcminchc 3rd ed.. p. 172. 


Sko. 127. 

2. Hypochlorous acid, IK'IO (ny]K)chI()rite ion. CIO'). 

1. Ilifpochlorons acid, IlClO, is not known in the free condition. 
Its anhydride, chhrivc aionoxidc, (.HoO, is, at the ordinary tempera¬ 
ture, a deep yellow gas with an unpleasant irritating odour similar 
to that of chhu'ine ; it decomposes explosively when heated into 
chlorine and oxygen, and is .soluble in water with the formation of 
hypoclilorous acid. The dilute aqueous solution can be distilled. 

^ 0-1 grin, of pure (white) a-naphtliylamino i.s dissolved by boiling it for a 
quarter of an hour with ICO c.c. of water, 5 c.c. of glacial acetic acid, and a 
solution of 1 grm. of aulphanilio acid in JOO c.c. of w’atcr added, and the whole 
kept in a wcll-elosod vessel, the colour liaving been removed if necessary by 
shaking with zinc dust. 

2 With regard to thi.s reaction, see also Zeitsch. anal, Chnn., 41, 703. 

^ Further i-oagents for the detection of small and very small quantities of . 
nitrous acid are: Diaminohenzoie acid (P. (Iriass, ZeitAch. anal. 67<fw., 10, 
P2). Carbolic acid and niercun>ii8 nitrate (P. t'. Plugge, Ibid., 14, 131 ; Deniges, 
Ibid., 30, 310). Magenta (A. Jorissen, Ibid., 21. 210). Para-arainobenzene- 
ttzodimothylaiiiline (Meklola, Bcr., 17, 250; Zeitsch. aiuil. Chew., 24, 98). 
Gallic acid (Davy, ZcUsch. ami Chew., 23, 72). Antipyrin (Curtman, Ibid., 
29, 19t; M. 0. Schuyt<‘n. Chem. Zenlr., i89G, 11., 801). Sulphanilic acid and 
phenol (P. F. Frankland, Zeitsch. ami Chem., 30, 713). Potassium ferrocyanide 
and aw3etie acid (SclicfTcr, Deventer, Bar., 26, 589). Concentrated sulphuric 
acid and cuprous oxide (Sabatier, Chem. Zentr., 1806, Jl., 318). Aniline and 
glacial acetic acid (Denig68, Zdl.ich. anal. Chew , 36, 310). Naphthionic acid 
(Kiogler, Ibid., 36. t>77 ; 36, 300). Pyrogalloldiinethylester (Meyerfold, Chew. 
Zeit., 34, 948). Benzidine, o-toluidmo or dianisidino (Primot, Chem. Zentr., 
1912, TT., 1846). Diphenylbenzidine (Letts and Rea, Ibid., 1914, TT., 26.1). 
Indol (Dan^*, Ibid,, 1910, IL, 1405 ; 1911, L, 1763). 
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HypochtnroiiH acid is a very weak acid with the dissoeiation cunstii.iits 
3.7.10 2 (it 17°. 1 

2. 'I'lio liy|)o<dd(irini.s acid .vidte, the /ii/prx'lilon'tr.i, occur as a 
rule with chloride.s, for exam|)!c, in eldoridc of lime solution, egu 
dc .lavoile, etc. ('riieir formation i.s based on the hydrolytic 
deconi])o,sition of chlorine hy watiT : ('l 3 -l-lkfl<ilT''l'i'l "klltJIO, 
for ox.im|)le, Ch-l-^Naillf -NaClOd-NnCl-l-lluO.) Their solutions 
uuderyo partial hydrolytic di.ssociation corrc.sjjondiny to ,the low 
strength of the hypocldorou.s acid; they chanci' when boiled. 
Chlorine and chlorate ions arc formed from the hypix'ldorite ion 
(in ddute solutions without the evolution of o.xyj'en, in coni entrated 
■solution.s, or in the presence of suitable catalysts with such evolu¬ 
tion). On mi-xinc a .solution of chloride of lime with an exces.s of 
hydrochloric or .sulphuric acid, chlorine is evolved, whereas on the 
introduction of carbon dioxide into chloride of lime solution, 
hyiiocdilorous acid or chlorine monoxide is libcnated. 

Aihvr iiilriilr precipitates silver chloride finm chloride of 
lime .solution which has been so neutralised with nitric acid that it 
no loui’cr has the odour of chlorine; the silver hypochlorite tein- 
jiorardy formed very soon decompoBcs into .silver chloride and 
.silver chlorate (.'tAt'Cio-r-Af'ClO.j-f 2Ag(’I). 

4. Lrud nitrii/r or tend iicriatr jiroduces a precipitate which is 
at lirst while, gradually turns orange-red, and linally, owing to the 
formation of jieroxide, becomes brown.i 

ti. Afntn/nuniis ifnilii 3 -ield brownish-black precipitates of hydrated 
manganese dioxide. 

(i. Free liijpoclihrDUn acid produces, when acting on mercury, 
yellowish-brown mercuric oxychloride (whereas chlorine vdelda 
niercurou,s chloride), ff there is .so little hypochloroiis acid jiresent 
with much chlorine that, after shaking, the colour of the precipitate 
does not clearly indicate lic'pocliloroiis acid, the precijiitate which 
is formed after long shaking should be treated with hydrochloric 
acid (which dissolves the o.xychloride, but leaves the niercurou,s 
chloride unchanged), and then filtered oH ; hypochlorous acid will 
be recognised b\' the |ircscncp of mercuric cjiloride in the filtrate. 
[lypoehtoriles may be detected more readily than the free acid by 

^ li. t'Ve8oni«.s tias based on tlu.s reaction a mettiod of separatmg hypo- 
eiliorito ion from cfdorati- ion, f.r. of detecting eldorale m eldoridc of hnic 
{Zfitieh. attnl. ('hem., 34, -134). 'I'hc chloride of tinie solid inn la treated witli 
lead arurtalrt-, ttic liquid tiltered, I lie e,\eesa of lead in tlic tijtrate removed by 
sidphiirie ail'd, and tlie te.st for eldorate ion made with indigo .solution and 
"iidftliur itio;4»le (See. Itll, .'i). 
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shaking their solutions with mercury, because in their presence 
yellow mercuric oxide (which gradually turns red) is formed, and 
this adlieres to the sides of the glass tube when shaken. Chlorites 
and chlorates have no action upon niercury (Wolters). 

7. On shaking a solulion of free hypochlorous acid with jmcihml 
silver oxygen escapes. (Distinction from chlorine.) 

8. A solution of potassium pcrmawjurmle i.s not decolorised. 
Litmus and indi<jo tineiurc are slightly dccolori.sed, even by alkaline 
solutions, and consiilerably on the addition of an acid. 

!). If a solution of arseriious acid in hydrochloric, acid is rendered 
blue by means of iiidi/io solution, ami a solution of chloride of lime 
added with continuous stirring, the colour will only begin to disajijiear 
when all the arseriious acid has been converted into arsenic acid. 


Seo. 128. 

3. Hypophosphorous acid, Hl'ILOo (Ilyiinjdiospliitc ion, rir 2 D' 2 ). 

1. The concentrated solution is of the consistency of syrup, and 
resembles that of phosphorous acid (iScc. 1to which it is similar 
in that, when heated in the absence of air, it is decomposed into 
jihosphoric acid and hydrogen ]rhos])hide gas, which does not ignite 
sjiontaneously, Tlypophosphorons acid is a moderately .strong 
monobasic acid. 

2. Nearly all the salts of liypophosiihorons acid, the hi/pophos- 
philes, are readily soluble in water ; they are all decomposed on 
ignition into phosphates and, as a rule, into hydrogen |)hos|)hide. 
gas which ignites spontaneously, and jiortions of which are decom¬ 
posed into phosphorus and hydrogen. 

.3. Barium chloride, calcium chloride, and lead acetate do not 
give precipitates. (Distinction from ]ihosphites). 

4. Silver nitrate produces with hypo|ihosphites at first a white 
precipitate of silver hypophosphite, which turns black even at 
the ordinary temperature, and more rajiidly when heated, with the 
sejiaration of metallic silver. 

5. llypophosphites preeijiitate mercurous chloride from a solution 
containing an exci'ss of mercuric chloride, slowly in the cold, and 
more rapidly when healed. 

G. On treating a nitric acid solution of aimmmmn niohjbd^ate 
(Sec, 25, 0, 4, ]i. Ill) with a liquid containing a hypo})hosphite ion, 
and adding a few drops of an aqueous sulphur dioxide solution, a 
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bhio precipitate, or a fine dark-blue coloration, will be formed on 
gentle heating. Hydrogen sulphide, thiosulphates, chlorates, and 
staunoms chloride prevent this very sciusitive reaction (Millard). 

7. A solution of cupric sulphide ])rodu<;es with hypojdiosphorous 
acid and with its salts, on heating, a reddish-brown precipitate of 
copper hydride (cuprous hydride), (hi.^lfo. 

8 . When brought into contact with zinc and dilute sulphuric acid 
hypophosphorous acid yield.s hydrogen containing hydrogen phos¬ 
phide ^rf. I’hosphorous acid, See. 113, 11). 

Skc. 12». 

4. Hydronitric acid, HNj (Azide ion, N'^). 

1 . lliplroiiitric acid^ is a clear, <;olourles.s, niobile lirjuid with 
a very strong odour, reminiscent of hydrogen ])ho 8 phidc. Its 
vapours have a pronounced action upon the mucous membrane, 
and c-vplode violently when brought iuto contact with a flame. 
It.s a(pioou,s .solution is colourle.s.s, has an acid reaction, and is 
di.ssociated (Oily' to a moderate degree (to about the .same extent 
a.s acetic ajjid, dissociation constants 1.9.10 ^ at liif). ft dissolves 
metals to azides with the evolution of hydrogen, fly this means, 
as by rcducimj Of/enls generally, it is reduced to ammonia and 
hydrazine : ]lX;j-|-.'iH2=Nn3-j-N3ll4. Oxulisini/ lujenis, especially 
iodine, deeomjiosc it with the evolution of nitrogen ; SNalf+J.^ 
^; 1 N. 2 -|. 2 III. The latter reaction is considerably accelerated by 
the additiim of a little sodium tliiosuljihatc, (,'eric salts are also 
very' suitable for the decomposition of hydronitric acid or of the 
azide.s ; they' are reduced thereby' to cerons salts, whilst nitrogen 
e.sca[ies. |('uming lujdriodic acid causes the formation of nitrogen, 
ammonia, and iodine: HN 3 |- 2 } 11 —Ng-f-Nllj-l la (K. A. Hofmann 
and others, Hoek). 

2. 'The sails of hydronitric acid, the azides, also called mirides, 
de('om|)ose readily, and explode violently on heating or receiving 
a shock or blow, being decomposed into the elements. Most metal 
azides are soluble in water. 

3. Silver niirule, produces a udiitc caseous precipilate of silver 
azide, AgNg (similar in appearance to silver chloride), which is, 
however, soluble in nitric acid. 

* Ifydronitrio acid, a.s also its salts, are more or 1(;.S8 strongly explosive 
substances, which arc decoiiiposed very readily on heating, with the utmost 
V lolonce. Tho greatest care, thcroforc, must he taken when dealing with them. 
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4. Mcrcuru: nitraic and lead nitrate or lead acetate also produce 
precipitates of the respective azides. 

5. On treating hydrouitric acid or tlie solution of an azide with 
ferric chloride solution in e,\ees.s. a cliaracteri.stic deep red coloration 
of the solution will appear (L. iM. Uennis and A. W. Browne, Xeilsch. 
anorgan. CJmn., 40, 9'J). 


Third Oitoun of Inoroanuc Aitd.s. 

Anions, which are precipitated neither by Barium Salts nor 
by Silver Salts. 

Nitric aetd, chloric acid —or idtratc ion, chlorate ion—(perchloric 
acid or perchlorate ion). 

Sue. i;ki. 

(a) Nitric acid, UNO^ (Nitrate ion, NO';,). 

1. Nitrogen jieiilojide. (tini anhydride of nitric n(’id), NO).,, 

crystalli.scs in hexagonal prisma. It iuelts at Ull .'iand hoils at 4.')“ 
(Beville), hut at this temperature deeonipo.ses peri-eplihlv with (he 
evolution of brown nitrogen pero.xide vapours. .Ahsointe nitric acid 
(never quite anhydrous) is a colourless (red, it it conlams hvponitrous 
acid) liquid of sp. gr. which is very corrosive, has a strong 

oxidising action, rajiidly destroys organic suhstances. and i-olours 
many substances containing nitrogen a bright yellow ; it (limes 
in the air ami boils at 8(!'. Nitric acid belongs to the. strongest of 
the known acids, and is e.xtensively dissociateif in aqueous solution. 

2. The neutral salts of nitric acid, the nitrates, are, with few 
exceptions (cinchoiiamiiic, Arnaud and Bade; nitron, II. Busch), 
soluble in water ; on the other hand, a few of 1 he tiasic nitric acid 
salts are insoluble in water. All nitrates are decomposed when 
strongly ignited. In this process the, nitrates of tlie alkali metals 
are converted first into nitrites, with the evolution of oxygen, and 
then into oxides, while oxygen and nitrogen escape ; otlier nitrates 
yield oxygen and nitrogen peroxide ; man)- (hydrated) allow nitric 
acid to escape. This behaviour may be espeiaaliy well observed 
if the, heating is carried otit in a small ignition tube (p. bb, or 
Sec. I.b2, Rubric, number 2). Esoajiing oxygen may be recognised 
by the fact that it causes a glowing a|)Iinter of wood, introduced into 
it, to ignite. 

d. If a nitrate is thrown on to glowing charcoal, or if charcoal 
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or an organic Hiibstance, e.g. paper, is brought into contact with a 
melting nitrate, an explosive fusion takes place, that is to say, tlic 
charcoal burns at the expense of the oxygen of the Jiitrate, emitting 
bright sparks. 

4. On mixing a nitrate with [xiwdored polmsiutn eganide and 
heating the mixture on platinum foil, there is vigorous explosive 
fusion, accompanied by a distinct incandescence an<I a report. 
This test must only he carried out on a venf small scale. 

r>. On mixing a nitrate with copper filings and heating the 
mixture in a test-tube with concentrated suljihmh^ acid, the air in 
the tube will become hroivmsh-red, while the mtric oxide lilierated 
m the oxidation of the c.o[)j)cr by nitric acid combines with the 
atmospheric, oxygen to form nitrogen peroxide. The coloration is 
most distinctly visible on looking lengthways through the tube. 

ti. On treating tJie solution of a nitrate with an equal volume of 
(oncentratod sulphuric ftcid, frei^ from nitric, and nitrous acids, 
allowing it to cool, and tium pouring a concentrated solution of 
ferrous sulphate over it, in such a way that the litpiids do not mix, 
the Mtte al the pontf oj eovtaet leill first hecome purple and later broW 7 t, 
or reddish in the c,iis(‘ of v(‘ry small quantities of nitrate ion. On 
mixing th<‘ licpnd sliglitly tlie brown zone is extended. The nitru; 
acid oxidises a portion of the, ferrous ion to ferric ion. and is thereby 
lediUMal to mtric. oxide, whicJi dissolves in tlie solution r>f the excess 

of ferrous salt, giving a hrownish-hlack colour : LMINO^ | ((T[ r)Fo 804 
■|-3H^SO( -^^ 02 ( 804)3 I f2NO f-.rKc80j| ( ‘OImO. Large (piantitics 
of chlorides intiuence the sensitiveness tif the reaction.^ A similar 
reai'tion takes place in the preseiu^e of selenioiis acid, but on mixing 
the liquid and allowing it to stand red selenium separates 
(Witts toe,k). 

7. On boiling a little Jiydrtjchlorii; acid in a test-tube, adding 
one or two drojis of a very dilute solution of indigo in sulphudc acid 
and boiling it again, tin*. liquitl will remain blutg providiMl the hydro¬ 
chloric; acid contains no free chlorine. On now adding a nitrate iu 
solid form or in solution to the pah; lilue solution and again heating 
it to boiling point, the lapud will lose its colour, oirntg to the destrudion 
of the indigotin. 'I’he addition of .sodium chloride increases the 
sensitiveness of what is already a veay sensitive reacXion. Tt should, 
howev(*r. I>c noted that other oxidising agents, especially free 
chlorine, also cause dee.olorisaiion. 

‘ Jn this (M^unectioii, sue also \V. Maiic.liot and lliittiier, Ltrhuys 
372, 153 ; Chc/n. ZetUr., I'JIO, 1., 1085 ; Belluuci, C/u m. Ztulr., 1917, II., 42(». 
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8. On diasolving a little brucine in pure concentrated mlphurk 
acid ^ in a porcelain disli or on a clock glass, and applying to the 
edge of the fluid a droj) of a liquid containing nitrate ion, the solution 
will at once assume a fine red colour at the point of (contact. This 
reaction is exco(^dingly sensitive. The bright red soon changes to 
yellowish-red. (ililorate ion gives a .similar coloration, as does 
nitrite ion under certain conditions.- 

y. On dissolving 1 part of phenol (carholi(- acid) in 4 parts of 
concentrated auipharw acid, adding 2 ])arts of water, and treating 
one or two dr()ps of this li((uid with a solid nitrate (or the residue 
left on eva])orating a small <piantity of sjiring water containing a 
nitrate), a reddiAi-hrown coloration will ajipear, owing to the formation 
of a nitro compound of tin; ])honol. This coloration, which, on tlie 
addition of one or two drops of concentrated ammonia solutiems, 
sometimes turns transitorily green, evmitually hc<'omes yellow, 
owing to the formation of ammonium nilroplieiiol. This is a verv 
sensitive reaction (11. tSprengel). 

The reaefion may also !)(; carried out either l)v adding to [Hire 
concentrated ■sufpimne acid one or two drops of the liquid being 
tested for nitrate ion, and i lien a crystal of [ilienol, and healing it; 
or also hy rendering the liquid mubu' examination strongly acid with 
hffdrochloric acid, adding a little jthenol, and luxating it to abimt 
80" to DO". In the, presence of nitrate ion (here will alwinjs appear a. 
dark coloration, which, as a nih;, is red or brown, and under certain 
conditions may he preen (II. Hager). 

10. (In pouring a litlle pure concentrated suljdiuric acid on to a 
few crystals of diphen^ lamine, adding a little water, and mixing the 
resulting solution with more concentrated suljiliurle. ackl, an excellent 

^ 'riio ordinary ccuumercial Kul|ilmn(; acid gcnciully f^ivcH with bniciiic 
a pliildsh-rcd coloration of its own accord, owing to ils containing a biiiall 
(|iianiity of tho o.xygcn c<nupoimds of nitrogen. On diluting such an acul witli 
water to a sp. gr. of 1‘4 and boiling it (preferably in a 2 )latimim tli.sh) it may bo 
freer! from such impnntic.s. 

^ Cf. L. W. Winkler, Zfit.sc/i. atnjrtr. Chun., 15, 170, ac< orduig to wliom, 
on mixing tho solution umicr examination with h its volume of concentrated 
sulphuric acid, and, after < ouhng, adding a little brucine, nitrite ion gives 
first a cJierry-red, then onmgo, ami finally a yellow coloration. Nitrate ion 
only reacts under these conditions if it i.s jiresent in eoiisidoralile ijimntity, 
but on adding the solution under e.xamination drop by drop to 3 or 4 volumes 
of eoncontrated suljihiiric acid and dissolving a littlo brucine in tho cooled 
solution, only nitrate ion ie.ict.s. On mixing the liquid with 2 volumes of con¬ 
centrated sulphuric acid and dissolving a little brtieim^ in the still hot liquid, 
nitrite and nitrate ions will react, [iroducing a lemon-yellow colour. Cf. also 
G. Lunge, Zeiisch. angcir. Chan., 15, 241 : as also 8oltsion, Chan, ZerUr., 1906, 
II., 1020. 
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reagent for nitric acid is obtained, wbicli is most suitable for the 
detection of small quantities if it contains only 1 mgrm. of dijdicnyl- 
amine in fO c.c. If about 0 5 c.c. of this solution is placed on a 
clock glass or tin; reversed lid of a porcelain crucible, and a drop of 
the liquid being tested for nitrate ion allowed to fall in the middle 
of the reagent, a fine blue-coloured ring will be formed, the extent 
of which depends U])on the degree in which the liquids mix (E. Kopp). 

This very sensitive reaction may also be carried out by mixing a 
few <lro|)s of a solution of di[)hctiylandne sui|ihalc with the solution 
being tested for nitrate ion, and then addi?ig pure concentrated 
sulphuric acid so that two hmu's are formed, 'I’he blue coloration 
gradually turns to green, and finally di.sa[q)eai's altogether.! The 
addition of chlorine ion increases the sensitiveness of the reaction. 
The ijiterpndation of the reaction re(|uires care, as luanv other 
oxidising substances, e.//. nitrites, chlorates, hypochlorites, broinates, 
iodates, vanadates, chromates, permanganates, and uiolyli<latc.s, and 
also ferric salts, hydrogen ]ierox'ide, barium |i<'roxide, etc., yield 
blue colorations (baar). The solutions of ihplioiijl-o-ldliiidiiH', gives 
a similar and more .senaitiv(^ reaction, ft is. however, also produced 
by nitrites, chlorates, etc. (llausseruiann and Bauer, Ikr., 31, 
39H7). Dip/tcni/lhenzidinc reacts in the same manner (Betts and 
Itea, Chem. Zenlr., 1914, II., ^G.Sj. 

11. On adding to a .solution of a nitrate a few drops of a solution 
of pririUoluidinc sulphate, and then, carefully, an eipial volume of 
concentrated sulphuric acid, so that the liquids do not mi.x, there 
will immediately ajqicar at the jioint of contact of the two li(|uids 
a red, zaue, the colour of which gradually changes to dark j ellow.- 
Tho reaction is not so sensitive as those with brucine or diphenyl- 
amine, but, on the other hand, it i.s suitable for detecting nitrate, 
ion in the presence of .smaller quantities of nitrite ion, as the latter 
gives at first a yellowish or yellowish-brown coloration, which only 
after some time is converted into red (Longi). 

(Ihlorates and other oxidi.sing agents produce similar colorations. 

13. On heating a solid nitrate with a small quantity of a solution 

! With regard to this reaction, r/. itiler alios Cimmiuo, Zcitsch atud. Vhcm.t 
38, 4211; TiUnuuis and tsuttiiof. Ibid., 50, 473; Riekow, (term. Zr.itlr., IDO.!, 

402; J^inerua Alvarez, Ibid., J!)0o, I., 14.31 ; Frerichs, Ibid., 1!)0.5, I., 0,i7 ; 
boUsicii, I bill,, lilOO, If., 1020; Withers and Kay, Ibid., fill 1,11., 4B9 ; dc Jong, 
Ibid., 101,3, II,, 1824. 

^ The reaction may also be produced with a sulphuric acid solution ol an 
aniline oil containing aniline and paratoluidino. C, I). Ilrann recommended 
siicli a reaction as far hack a.H 1807 (ZrU.srb. anal, (thrm., 0. 72). His method 
ol carrying out the reaction ditfers slightly from that of Hongi. 



49() BEIIA VIOUR OF BUBSl’ANCFB TO REAGENTS ch. r 


of mlici/lic acid in concenlruled suljjhurw acul (2 gnus, to 3(J c.c.) 
or on evaporating a nitrate solution with the reagent, heating it 
until sulphuric acid vapours escape, and rendering the residue alkaline 
with alkali hydroxide, a yellow or orange coloration will appear 
The reaction may also be used for the detection of nitrates in the 
presence of organic substances. In this case the substance iindei 
examination is heated with the reagent until sulphur dioxide vapoiirf 
escape, the carbonised mass extracted with water, the solutioi 
evaporated, and alkali hydroxide added. The reaction depends oi 
the formation of nitrosalicylic acid (Tingle, Chem. Zcnlr.. 1915, 11. 
202; 1910, I., 1041). 

13. On treating the solution ot a manyatmis salt in fuminf 
hydrochloric arid with a few droi)s ot a solution containing nitrate 
ion, a dark greenish-black coloration with a yellow tinge will appear 
owing to the formation of MnCI,). The reaction is also prodiicei 
by chlorates, hypochlorites, chromates, and lead peroxide (L. L. d( 
Koninck, Chem. Zettlr., 1902, II., 14). 

14. V^cry small quantities of nitrate ion may also be detcctec 
by reducing them first to nitrite ion. This may b(^ (hme by the we 
or dry method ; the wet method consists in stirring the solution o 
nitric acid for a short time with a zinc rod, or heating that of th 
nitrate with finidy divided zinc, |ueferably with zinc (inialijnni, anc 
then filtering it (.Sehonbein) ; the dry method consists in fusing tin 
substance under examination with pure sodium l arbonale at mode 
rate heat, extracting the cooled mass with water, and filtering tb 
solution. If one of these filtrates is brought into contact witl 
potassium iodide starch paste and dilute pure sulphuric, acid, tli 
li(juid will be rendered blue by the starch iodide {ej. >Sec. 119, 10 
as also Soltsein, Chem. Zeiitr., 1900, II., 1020).' 

15. On adding a small (piantity of a 10 per cent, solution o 
nitron - in acetic, acid to a solution of a nitrate, slightly acidifiei 
with sulphuric, acid, a white precijntule of n itron nitrate in immedialel 
produced. If the nitrate solution is very^ dilute, crystalline separu 
tion takes place otdy on standing. The reaction is, however, nc 
characteristic of nitrate ion, as other anions give, nitron compound 

r With ref 3 ;ar(l to furtlicr reactions for the detection of small quantities i 
nitrate, r/. Breal. Chem. Zenir., 18S8, 8ti4 ; Lindo, Ibid., 1888, 1442 ; KosenfeU 
Zeilach. anal. Chem'., 29, litil i H. Butlior and v. Udransitky, Ibid., 29, 73- 
Vitali and Bnnghelli, Ibid., 38, 540; Ilenigcs, Chem. Zentr., 1911, 11, 139 
Twanow, Ibid., 1913, I., 844. -i 

^ Nitron (synthetically prepared hy Baseh) is the ha.se diphenylenedianuo 
dihydrotnazole. It may bo procured from K. .Merck in Darmstadt. 
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wliioli dissolve with difficulty, such as hroinhlc, iodide, nitrite, 
broiiiate, chlorate, perchlorate, thiocyanate, ferro- and lerri- 
cyanogen, and picrate ions. Nitron oxalate dissolves also with 
difH<’ulty in water, hut, on the other hand, it does not separate in 
strong acid solution (M. Busch, Ber., 38, 801). 

10. On treating a strong iilkuU hydwxidf solution with a nitrate, 
and adding a little alvmiiiiu'm or a little zinc and iron Jdini/s, ammonia 
will he evolved on gentle heating, and may he easily rccognisejl by 
the methods described in iSec. 30, 4, 10, or 12. Nitrite ion, of course, 
gives the same reaction. 

17. With regard to thi! microchnmcul ddr'ction of nitric arid 
.salts, s(a'. Ilanshofer, Mikroskojiisckc llraktionen, ]>. 115; Behrens- 
Kley, Mikroclioiiiscli)' Analyse, 3rd ed., 170; Bllram, Clicm. 
'/jcntr., 181I0, 11., 09 ; Brauns, Ibid., 1807. 1.. 134 ; Schroder van der 
Kolk, Ibid., 1807, 1., 1173; Kmich v. llonau. Ibid., 1007, 11., 1444. 


Bkc. 131. 

(b) Chloric acid, HCIO^ (Chlorate ion, ClO' 3 ). 

1 . Clduric acid i.s only known in aipieous .solution ; its most 
concentrated solution i.s a thick colourle.ss or pale j'cllow Ihjuid 
with a. faint odour similar to that of nitric acid, and a strongly 
acid taste. It reddens litmus and then hleaclies it. fn the dilute 
condition it has neither colour nor odour. Chloric, acid has a strong 
oxidising action ; it is a very strong acid, and even in 0'5 rV-,solutions 
i.s dis.soeiated to the extent of 88 per cent. 

1 '. The chloric, acid .snlts, chlorates, are all soluble in water. 
They are deconipo.sed on ignition, either into gaseous oxygen, which 
e.scajies, and chloride, or there remains a re.sidne of o.xide, whilst 
o.wgeii and chlorine escape (chlorates of the, earth metals). This 
decomposition may be easily ob.served if the salts are heated in a 
small ignition tube (p. .55, and Sec, 150, rubric, number 3), hy 
ineairs of which the ccscajiing gas may be recognised a.s oxygen on 
the introduction of tii/lowiny match. 

3. Chlorates, when heated with charcoal or with an organic 
substance, fuse explosircli/, more violently than do the nitrates. 

4. If a ehloriite is mixed with j/otassium cyanide and the mixture 
heated on jilatinum foil, e.r)dusire fusion will take place, combined 
with a loud report and incandescenee, even in the case of very small 
ipiantities. The test should only be nuide with minute qiianlilies. 

5. On colouring the solution of a chlorate light blue with a small 
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quantity of a solution of indigo in sulphuric acid, adding a lit 
dilute ttulphuric acid, and tlion, drop by drop, and carefully, a sm 
quantity of aqueous .mlphur dioxide, or sodium sulphite solutii 
the colour of the. itidif/o will immediately disappear. The cause, 
this reaction, as sensitive as it is cliaracteristic, is that the sulj)l 
dioxide reduces the clilorate ion to clilorine or to the lower oxyg 
(-■oinpounds of chlorine, which then decolorise (he indigo. An exc( 
of sulphite ion must, of course, he avoided, as otherwise sulph; 
ion and chlorine ion will be formed. 

G. Solutions containing chlorate ion are slowly decomposed I 
the action of hydrochloric acid, more rapidly at a higher temper 
tiire (70"), whilst water, chlorine, and chlorine dioxide, C’102, a 
formed.1 The test-tube in which the e.X])criment is made w. 
become Jilled with (jrccnish-yellov) gas icith a very unpleasant odo 
simdar to that of chlorine; the hydrochloric acid will he colour 
greenish-yellow. If the hydrochloric acid was remhued blue I 
indigo solution, the indigo blue will bo destreyed at once, even 
the jjresencc of a very small quant ity of a chlorate. 

7. If a few drops of concentrated sulphuric acid are jrlaci 
on a ehx'.k glass ami a little chlorate added, chloric acid is lir 
hberated ; this, liowevci', decomposes immediately into peichloi 
acid, chlorine dioxide, and water : 

;1HCI()3=-2C102+11C1()4+I120 

The. chlorine dioxide colours the, sulphuric acid bright yellow, uti 
apart from this, may be recognised by its charueteri.dic and re 
unpleasant odour. Heal must be avoided in this experiment and. snii 
quantities used, as otherwise the dcc.omposition takes jilace wit 
such violence that an explo.sion occurs, since greenish-yellow chtori. 
dioxide explodes even at tiO". 

8. If a drop of a solution of aniline sulphate is added to tl 
solution of a chlorates in concentrated sulphuric arid (])rc|>arr 
according to 7), the licpiid will assume a deep blue coloration, whii 
may be intcnsilied by the addition of a few drojjs of water. This is 
very sensitive reaction, and is not given by nitrate ion (Vitali). 

A solution of aniline, hydrochloride in strong hydrochloric ac: 
produces wdth chlorates in the solid form, or in solution, a viok 
coloration, which soon becomes blue. This is a very sensitir 
reaction (Virgili, Chem. Zentr., 1909, 1., 1503). I’ioraerts [Uhei 

r Witli regard to tlio course of the rc-aeiion, cf. Sand. Zeifsch. physik. CliCifi 
50, 4li5 ; and Lutlier and MacOougall, Ibid., 55, 477 ; and 62, 199. 
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Zi'tilr., 1913, I., 1063) recommends the use of an alcoliohc solution 
of aniline. The colouring matto.r nui}- he extracted hy .shaking 
with ether or amyl alcohol. I’ozzi Escot {Chrm. Zcnlr., 1913, II. 
173) recommends as being more, .sen.sitive the otlier\vi.se aiialogoiis 
colour reaction with benzidine and sulphuric acid. 

9. (Jhloiate ion behaves like nitrate ion towards .solutions of 
hrncine, diphenyhmim, paralohadine, and phenol -in coneenlrnlcd 
Kidphnnc. acid, or at least in such a similar manner that it is not 
))o.s.sible to distinguish with certainty between them by mean’s of 
( hese reagents. On the other hand, chlorate ion may b<' di.stinguished 
from nitrate ion by the test given in 8, as also by means of jjhenol 
m hydrochloric acid .solution (rf. ,Sec. 1.30, !)), since chlorate ion 
prodnees, ac(^ording to the conditions, an orange-red turbidity or 
a transitoiy yellow coloration in such a solution. 

1(1. On hoilimi a dilute a(jncous solution of an alkali chlorate 
with Oladstono and Tribe’s copper zinc elejiienlA complete reduction 
to alkali chl&ride will take jilace, with the sejjaration of zinc oxide 
(Thorpe and liccles). Chlorate ion in a solution acidilied with 
sulphuric aiud is converted into (ddorine ion by the nascent hydrogen 
which is liberated on the addition of zinc. Chloralcs are also reduced 
to chloridi's in dilnt(“ sulphnric. acid .solution by means of finely 
divnhal aliiininium. (Distinction from ])erehlorates. Veuditori, 
I'hem. Zentr , 1908, I., 4.) (,'hloratcs (but not as a rule perchlorates) 
ar(! also reduced b)- other reducing agents, Injdroge.u xnlpliide, ammo¬ 
nium sulphide, hi/draztiie sulphate, ferrous ammonium, sulphate, 
sulphur dioxide, nitrous arid, iron with dilute sulphuric acid, formic 
«nd(Vitali, Vhem. Zentr., 1910, I., 110,9). 


Sw. 1.32. 

Aumnmri/ and Remarks on rtuiovs, (Iroup 111. 

1. Of the reactions described for the det<‘ction of nitrate ion, 
(hose with ferrous sulphate and sniphuric acid, tinjsc with copper 
hhngs and sul|)huric .acid, and also tho.se which depend on tin; forma¬ 
tion of nitrite ion or ammorna, give the most tni.stworthy results, 
Kmce e.xploaion with charc<jal, detonation with potassium cyanide, 
decoloration of the indigo .solution, and the sensitive reactions with 
I’niciini, iliphenylamine, and paratoluidine do not alford a definite 

' 'liic I'opiicr zinc element is [irepareil I,y tre.alim' (Inn zine foil with a 
I per (out. eniHic anlpliati’ sniniinn, wlieicliy the zmi. hemnies hlack owing 
n the (Icpoaitecl copper. When wiLsIied and dried tlie elemcnl, i..i ready for use. 
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distinction from chlorate ion. They are, therefore, only of val 
when tliere. is no chlorate ion and no other disturbing substan 
|)rcaent. The reaction with nitron (1.5) is also not absolute 
decisive. Vree ititric ar.nl may be recognised in a li((nid by evajwr! 
ing it to dryness in a |)oreelain disli on the wirtor-bath, after liavi 
thrown in a few shavings of f|nill. A yellow colonition of the 
•shavings indicates the pre.sence of nitric, acid (llnnge). 

;3. 'I'he jiresence or ahsenee of rlihralr ion is indicated wi 
the greatest certainty, when otlier oxygen compounds of clilorine a 
not j)re‘sent, ))y igniting the sub.stance witli sodium c.arbonai 
dissolving tlie mass in w.ater, and then testing the solution wi 
silver nitrate. If a chlorate was present it will have been convert 
on ignition into chloride, and a ])recipitatc of silver chloride w 
then be obtained. This test, however, is so simple only when i 
chloride is simultaneously jiresent. In the presence of chlorid 
silver nitrate must he added so long as a ]irocipitate forms, at 
only when this has been filtered off should the liquid be evaporate 
with the addition of pure .sodium carbonate, and the residue ignite 
As a rule, however, it is not necessary to adopt this comjilioatf 
course, as the reactions with concentrated .sulphuric acid, wit 
indigo and sulphurous acid, as also with aniline sulphate, indica 
the presence of chlorate ion with the greatest certainly, even whr 
nitrate.s are, jirescnt.' 

•I. If nitrate ion is to he detec.ti'd in the presenee of a larqe ijiiantii 
of ehlnraie ion, the substance should be treated wit h sodium earbonat 
in excess, evaporated, and, it necessary, the residue ignited gent 
but for a siiflicient time, to convert the chlorate into chloride, an 
this residue then ticsted for nitrate or nitrite ion. 

4. If nitrate ion i.s to be detected in the ))resence of nitrite in; 
pure, urea i.s introduced into the aqueous solution, and the liipn 
added little by little to a .solution of urea in dilute, sul]ihuric. acii 
The nitrite ion will immediately be decomposed, with the evolutio 
of nitrogen and carbon dioxide. If, when the decomposition 
conqilete (i.e. after about 24 hours), potassium iodide and thi 
starch paste are added, the liquid remains colourless. On no' 
adding a little finely divided zinc, the resulting blue coloratio 
(Sec. 130, 14) will indicate the presence of nitrate ion (Piccini). 

According to Fischer and Steinbach (Zeitsch. anorr/an. Chew 
78, 134 ; ('hem. Zentr.. 1913, I., 61) nitrites may also be removci 

1 Wif'h regard to Uie detection /)f chlorate ion in the iiresenco of nitrate ien 
cf. B^hal, Ghcm. Zenlr.y 188(1, 124. 
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by adding methyl alcohol, drop by drop, to the solution acktifled ■ 
with sulphuric acid and simultaneously introducing a strong current 
of air or carbon dioxide. The methyl ester of nitrous acid is almost 
immediately formed, and is carried off with the current of gas. 
Sommer and I’incus (Bcr., iS, 1!)6;5) recommend the addition of 
hi'dronitric acid or soilium azide and sulphuric acid; the nitrous 
acid is then decomjiosed in accordance with the formula : 

HNa+HNOo-No+N.O-l-TToO 

Sen and Day {Zeilsph. iinori/nn. Che-m., 71, 2.3(), and 74, fil : 
(’hem.. Zi'iitr., liill, IT., 78 !); l!)12, I., 12.')0) recommend the addition 
of hydrazine sulphate to the nitrite solution. The nitrous acid 
is thereby decompo.sed in accordance with the equations ; 

N.lf, I-2IINO2—■iHoO+Na-l-N.O 

and N 2 II 4 fiIN() 2 =NIb, | KaO+lM) 

The anion.s dealt with in the hast sections m.ay be amplified by 
a series of others not described in detail in this book, such .as those 
of the liromates, perbromates, ])eriodates, the manganates, and 
permanganates; further, the reactions of the hyjioiodite and hypo- 
hromite ions corresponding to the hypochlorites are not specially 
de.sc,rihed. fn these and similar cases the, general behaviour will, 
on the one band, indicate the o.\idation stage to which the anion 
corresponds, and, on the other hand, the metallolil or metal con¬ 
tained in it may, after reduction, he easily recognised. In specific 
cases refi'rence must be made to the literature on the subject. 'J'he 
anions in question are, however, on the one hand, of rariw occurrence 
and le.ss important, or, on the other hand, like perniang.anate ion, 
have such characteristic jiroperties (violet colour) that they cannot 
easily he overlooked, esjiecially as attention is drawn to them in 
the analytical course. With regard to a few sugge.stions for detecting 
several of the anions in question in the presence of one another, and 
of other anions, reference should he made to ]..ongi, Znisoh. anal. 
Clifiii., 23, 70, 149, ,'!.''i2 ; Alvarez and .lean, fV/cw, Zrntr., 1896, 
II., .hH ; A. Monnier, IbuL, 1917, I., 691. With regard to the 
detection of perchlorate ion in the presence of chlorine ion, chlorate 
ion, etc., cf. also Gooch and Kreider, ZeiUeh. <iii<il. f'/icm., 35, 8.5; 
with regard to the detection of chlorate ion in the presence of 
hy|iochlorite ion, cf. Wi.scho, Clipni. Zeiilr., 1917, II., l.'i.'l. 
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Perchloric acid, HOIO 4 (Pen^ilorato ion, CIO' 4 ). 

1. Perrhloric acid ia a colourless, corrosive liquid, w hich fuine.s strongly 
in the air, and, after being kept for sonic time, decomposes rapidly and 
witli a vioh'nt (‘xplosion when dropped on to cliarcoal, wood, or paper. 
It foT'ins ncedle-Khapcd ciy.stals containing one molecule of water, 

i When strongly heated it dissolves in water, and heliaves 

tfien liKo a strong a(M<l. The dilute solution on being distilled yields first 
water, then liilute, and finally concentrated acid. 

2. All tlic pt rchloric acid mils, jurchJorafes, arc solnblc in water; 
the greater nuniher dissolve easily, all are deconi]>osed on ignition, 
those of tlie alkali metals leaving a residue of chlorides, while o.xygeti is 
evolveil. 

3. Potassium sails prodiiee in not too dilut<‘ solutions a while, c.rysfalHve 
jwecipitalc of potassium perchlorate, K('l() 4 , which dissolves witJi ditHcuIty 
in water and not at all in ah^ohol. 

4. Harinm aud silver salts arc not precipitated. 

5. Concenirateil sulphuric acid does not fl(’com])oso perchloric acid in 
the cold, and only with difficulty when heated. (Distinction from chloric 
acid.) 

C. Hydrochloric acid, nitric acid, and sulphur diox ide do not dc'composc 
an aqueous solution of perchloric acid or pcTchloraU's, and indigo solution, 
previously added, is therefore not d<‘Colorised. (Distinction from all other 
acids of ohlorino.) 

7. Alkali perchlorates arc not rcdncc'd by a copper -zinc ehmnd 
(.Sec. 131, 10). (Distinction from cliloratos.) Speaking gcncTally. the 
perchlorates show great resistance to reducing agemts, and only the com* 
|>ounds of irivahnt titanium, hydrosulphurous acid (H^S 2 D 4 ), and the Imver 
oxidation staijes of vanadium and molybdenum (also iunejslen) reduce jier- 
chlorates to chlorides (Rothmund, Zeifsrh. anorgan. ('hem., 62, IflS; 
(diem. Zentr., 1909, I., 1831). 

8. On fusing perehlorates with chlorides, e.g. zinc chloride, chlorine is 
liberat(‘d. If the rcaetion lakes place in a current <f carbon dioxide, and the 
gas is eondneted through potas.'<inm iodide solution, iodine is liberated. If 
nitrates arc^ jirc'sent, they may he removed by heating them with very 
strong hydroelilorie ac-id, evapoi-atiug them to dryness witli manganous 
chloride and concentrated hydrochloric acid, and again heating them with 
hydrochloric acid. After the manganese has b<‘en precipitated with 
sodium earhonate, tlic mixtun? is evaporated to dryness, and the residue 
fused with melted zinc chloride (Coocli and Kreider, Zeilseh. anorgan. 
CUm.., 7, 13 ; (diem. Zentr., 1891,11., 343 and 494). 

0. With regard to the microchemical detection of perchlorate, esjH'cially 
in Chili nitre, ef. Sjolloma, Zeilseh. anal, ('hem., 37, 44 ; IT. Fri'.seniuB and 
Bayerlein, /W., 37, 501; llroukcleveeii, (dhem. Zentr., 1808, T., OfMf; 
Behi'ens-Kley, Mikrochemische Analyse, 3rd ed., p. 173. 
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B. OKUANIC AC'IUS. 

■l''lR.ST (ijlOlJl’. 

'I’Ik! lim'in:il ciilciiini suits (if tlui lirst "n)ii|i arc |it'a(;lically iii.siil- 
illiic, (ir ilissdivc willi (iilliciilt.y, in water nr in alcnlinl nf at Ica.st 
70 pel- cciil, : (hidio (iciil, ta/inrw acid (nurmir acid), ciliic acid, 
)mlic acid, succinic acid, cinnautic acid. 

Kikst Division- 

TJic acids nf flic first divisinii di-cnnijinsc wlmllc nr partially 
will'll licalcd.t 'I'licv arc o.xidised wlicii linilcd willi nitiic acid.- 
Tlicy di.ssnlvc ivitli dilliciilty in ether (n.valio acid imt to the .siuiic 
evteiit as (lie ntlicrs). 'J'Jic snhiliiiiis nf their nnriiial alhali salts 
are lint pri'cipitated liy ferric ehlnridc .soliitinii prejiared in the cnld 
((See. I.'mS. h). hut \vli(‘n mixed in di'Jinitc prnpnrtions pive at iiin.st 
an npale.sc.(‘nt tiiihidit}' : OjuIic acid, tiulatic acid [laccimc acid), 
Cline acid, Millie acid. 

('DOJI 

(a) Oxalic acid | ((.(.xalatc mn, ('.,0",,)- 

coon 

Its reae.tinii.s have heeii descrilied in iSec. ] 10. 

(Sec. Id I. 

Cll(011).C00Jf 

(h) Tartaric acid | ('rarOale mn, C,lljO"ii). 

cii{Oji)C(ion 

1. Tariluic acid, is hiinwn in several sleieni.snnieric fniiiis. Unit 
is III ,say, fnriiis nf the .same (•nnstitiitinn lint haviiio a dillereiit 
spalial 111 I'anyenient nf the alniiis williiii the iiiniccide. One is 
liTiiied (Miirtaric acid nr dextrn-rnlatnry tarlaiic acid, and the 
idher Marlaric acid nr hevn-rntatni y (artarie acid, linlli ale the 
s(i-called mirinr isniners ; tlii'y an' di.stinf'nished frniii one aiiolhor, 
us are their salts, nidy liy the fnrni of their cryslals (state nf 
nnpnsed seinihedra) ^ and liy the direetinii id their optical 

' Oxalic iioitl, carefnliy Iicated, sultlimos {ttn Uy uiKlccuiiiposcti. 

^ 'J’Jio (Iccotniiusitu)/! of oxalic aeul by boiling mtnc acid into c.ubon tiioxido 
B-iid vvalcT only takes place slowly. 

® StMiulicdnil crystals show a less symmetrical arrangeiimiit of the atoms, 

that in certain forin.s ot crystals only half of the suriaees occur ^hiuh are 
f'^M'iitial to the comi>lo(o symmotry of tho crystaihnt' .system m question, 
'diqio.-jcd semihodral forms behave toward.s each oilier hko an olips t and its 
nmidiiMl rcflcelion, but cjiimot be Jn;vd<‘ to eonicide by finning them round 
(laiaiiliomorphism). 


32 
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activity ; i the lormcr in aqueous solution diverts the plane ol the 
polarised beam of light to the right, the latter to the left. 'I’lie specific 
power of rotation - is very considerably increased by the simultaneous 
j>re.sence of molybdate, tungstate, uranyl, and beryllium ions in the. 
solution. The twoisomeric tartaric acids do not differ in their chemical 
reactions. When equimoleciular proportions of the two acids come 
into contact with (me another, a third acid is formed, i.c. the (dd /)- 
tartaric acid, also termed racemic acid (Sec. lb.')). It. is (q)tically 
inactive. A fourth variety, also optically" inactive, is the i-tartaric 
acid, also termed mesolarlaric acid or anlilarlaric acid. The inactivity 
of this is due to an intromolccular eipiilibrium. 

2. Ordinary tartaric acid is the dcjtro-rolalvry larlaric acid , 
it forms colourless crystals, stable in the air. with a pleasant acit' 
taste, and soluble in water and alcohol. It is a moderately stroll}, 
acid with the dissociation constant (for (he first stage) (.).97.10“( 
at 2r)°. Its aqueous solutions contain, even when very dilute 
undissociated molecules in ))rcponderance and conqiarativclv sniallei 
quantities of hydrogen tartrate imix; on the other hand, the solu 
tions of its salts undergo e.\tcnsive dissociation and contain tartruU 
ion, 04 H 40 " 6 , when it is a ease of the neutral salts, and /lydnif/n 
larlralc ion, Hl^U.d-V' W’hen hydrogen tartrates are iii question 
Tartrate ion combines readily with metal ions, e.ry. ferrous am 
ferric ions, also the ions of aluminium, chromium, manganese 
cobalt, nickel, lead, coiiper, and antinionyl ion, further with borate 
molybdate ion and others, to form complex ions. 

Tartaric acid is only slightly .soluble in ether (lOO : (I'l, accordinf 
to K. Bourgoiii). It does not lose water when heated at 10(1" ; i 
melts at 167" to 170°, and at a higher temperatme is cai'boni.sed am 
emits a quite characteristic odour similar to that, of burnt sugar. 

3. Of the larlaric acid sails (lariralcs) those of tin' alkali metals 
us also a few others (r.y. aluminium tartrate and I'eriic tartrate) 
are soluble in water. When evaporated on the water Imth to tin 
thickness of syrup, a basic salt separates from the solution of ferric 

* By optical activity is iinclmstoiul the iiropc'ity "f a sulmlancc to ilivci 
a beam of polarised tight, (ransiiiittcd directly tliroiigli it or ils .soliitiun, througl 
a dehnito angle. “ Direct " jiolarised liglit is tliat m which the elcctro-magnctu 
waves vibrate continuously only in one plaiu', whilst m the case of oidmaiy 
light the waves follow one anollier at quite a short interval in ail jiosslhli 
planes in the path of the beam of light, so tfiat the iiiipre.s.sion is conveyed t< 
our eyes that all the vibrations take jilace simultaueou.sly in all the planes. 

* This is the angle through which the beam of yiolarised light is rotate! 
when it is traiisiiiitted through a layer of a solution 1 di-in. ill length, whicl 
eoiltains dissolved in one c.c. 1 grin, of the optically active substance. 
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tartrate in the form of a powder. All the salts wliieli are insoluble 
in water are dissolved by hydroehloric. or nitric, acid. iManv of the 
tartrates which alone are insoluble in water or only dissolve with 
dillioulty form, with alkali tartrates, double salts, solu})le in water. 
Wiien ignite<l, the tartrates a.r<' <h‘com])()s<Ml. w ith the separation of 
carbon, and emit the same odour as tlie free ai'ul. 

4. On adding to a solution of tartaric acid or to that of an alkali 
tartrate a solution of not too grintt a quantity of a feme or ahuHinuun 
i)(df and then mnntonKi or h^droridc, no jirccipitation of 

ferric hydroxide or aluminium hydroxide will take ]>!ace. as tartrate 
ion combines with ferric, ion or aluminium ion to form coiiifit(.r /was, 
whicli can neither he deconqiosed nor jirecipitatcd by hydroxyl 
ion. 4'hc precipitation of several other hydroxides by means ()f 
alkali hydroxub^ is al.so prma'iited by tartaric acid (also by citric 
ai'.id. malic, acid, etc.). 

.). Krce tartaric acitl yields with the solution of a potassium 
salt, preferably potassium acetate,' a precipitate of potaHAum. 
InjdrniivH lurlndr (argol), COOIl (’lJ(OH).('H{(m).0(M)K. This 
proe(‘.ss takes place on adding polassiutu (laialc and anlic acid to a 
neutral tartrate dissolyed in water until tin' reaction is diu-idcdly 
acid. I’otassuim hydrugim tartrate, dissolves readily in alkali 
hydroxide solulifms and mineral acids ; tartaric acid and acetic acid 
do not increasi* it,s solubilily in water. Alkaline solutions must, 
tiicreforc, be ai'idificd with acetie acul, and mineral acid solutions 
cither treat(‘d wnth a sufficient (juantity of amnioniuni acctali! solu¬ 
tion (reduction of the concentration of livtlrogcn ions, sec ]>. lid) 
or nciitrali.sed with alkali and then acidified witii acf'tu- acid. The 
fi'‘)»aratioii of tlie tarlralc precipitate is considerably promoted by 
‘'^baking, or rufibing the sides of the ves.sel. If the reaction is to be 
f^ensitive, the tartaric acid .solution should be slrougl}- (oncentrated, 
file aildition of an equal volume of alcohol iiHucascs the sensitive- 
ness. In the j)re.sence of bone aciil. the reaction only apjjears if 
potassium fluoride is used instead of potassium acetate. The 
ll'ioiiiie ion then combines with the lionc acid l.o bum a comjilex 
and so prevents the formation of a complex horotartrate ion, 
wJiich gives no precipitate with putas.sium ion (Harfoed). 

ti- Calcium chloride solution added in excess - preeijntates 

n lotianfrntid HohitioiiH of potassium arotatfs are used, there may bo no 
jaeeipitate (Magiher de la Source, Ztilsch. iiml. C'hnu , 35, aKU). 

t "tassiuin or soilium tartrate solution di.ssolve.s cuh ium taitrato (also 
et wbicii itisoluble in water, r.y. caleiiini pho.spliate, barium sulphate, 

tlie reactions, whicJi dtqiend on the separation of euleiuin tartrate, 
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mlclam tarlndc Iruni u solution ol neutral turtratos, in tlic form of a 
while precipilule. 

cii((n\)Coo. 

)Vii I IIJ.O 

In the preKcnee of (unnuuuxin sails-, l/ds preclpilale is onlif formed 
afler some lime {<flen a lomj lime) ; its sopiiration is jn-omolod liy 
shukiti^f or l)y rul>l)in ;4 tli(‘. sidrs of the vessel. Tlie ])rocipitate is 
always cr//slallinr, or at l<‘ast beeoiu<vs S(j after soiix* time ; ?/ dissolves 
to a clear llpeid in noL too ddule cold polassiinn or sodnem- hijdroride 
solution, wliioli shouUl be fairly free from carbonate ion, and should, 
therefore, be freshly ]>r(‘parod for the purpose. If this lo/uid. is 
boded, the dissolved- iudciunt tar! rale separates in the form of a t/elaiinous 
prenpilale.^ Tin* S(>lution becomes < Iear a.”ain when cold. 

7. (\ileiam chloride sidulion in lar^e excess - also ju'odiices in a 
solution of tartaib; a(-id or of tartrati's, acidified with acetic acid, 
es])ecia!iy after short standing, a coinous ciystalline pr('cij)itate 
(W. Fresenius).'^ JAatlier, <-alcium aci'tate solution in sullicient 
ex<‘ess4 uiv(‘H both with a. 1 }>er <'ent, solution of tartari<‘ acid and 
with dilute aceti<; acid solutions of tartrates, within a few miniites, 
a crystalline precipitate of eideium larlrale. If the tartaric acid 
solution is only id 0 1 per emit, strenj^th, the jirccipitation will only 
take jilacc after two or three hours if the sides of tlie vi'ssel arc not 
rublied ; in still more dilute solutions it does not take jilace at all. 
If iifciv drops (not more) of a very dilute solution of l-tarlaric aeid 
or of ammonium, l-tarlrate^ are added to a solution of d-tartaric 
acid which has remained clear after Ix'in^ treated with ealciuni 
acetate, the li(pn<l is rendered lurhid bp a sdkp preeipilale after a 
few seconds if not at once, and, in the case of very dilute solutions, 
after long standing. This jirocipitate consists of the almost insoluhle 
cahium sail (f the (d-j l)-larlaric acid or racemic acid (calcium race¬ 
mate, (4ll.jly('ad-HL0). A large ex< ess of tlie preeijiitant should 
be avoided, as otherwise cah-ium /-tartrate is preiapitated, the 

may, therefoic, only ot nir aftor llie a(l<hli<in <if .i su(h<acut (juautity of ealcnuu 
um to precipitate completely all tlie laiIrate ion present. 

^ Accoulinp to oui e.\])enciU'e, the rc pivcipitation of the jnecipitaUi (with 
the yellow coloration of the .solution) sometimes docs not occur for reasons 
not yet discovered. 

- Cf. footnote 2, on p. 40(1. 

® Zcilsch. anal. Chem., 38. 33. 

* See footnote 2, on p. 499. 

^ For tlic jiroparation of /-tartaric acid, see Markwald, Jicr.. 29, 42; and 
for that of its aminoniuin salts, Bronsted, Ztitsch. anal. Chon.y 42, J8. 
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prismatic, crystals of which may in any case ho easily (listingniaho<l 
under the microscope from tlie glohnlar aggrc'gates or sheaves of 
needles of racenrate (sei; the illnstrations in Ilatishofer, Miktoshipisdie 
RenJdioncn, j>p. 80 and 81). The presence of aluminium ion or ferric 
ion, as al.so of antimony ion, in considerable (|uaidities iirevents 
the reaction (romple.v ion.s). /-Tartaric, acid may la^ detected by 
means of d-tartaric acid by the application of the same jaincijile. 
Further, thi.s method alTords a means of distinguishing between the 
two oiitieally active modifications of tartaric acid t.l. Jiniiisted,! 
A. Kling2). 

8. Lime water addcnl in oxcp.ss^ produoos in solutions of neutral 
tartrates, or also in a solution of five, tartarif* acid, if added until 
the re.action is alkaline, white precipitates which are at first flocculent 
Imt lat<‘r hecoine crv'stalline, and which whih* still floccnieijt are 
readily dissolved hy a solution of taitaric acid or of aininonium 
chloride. Calcium tartrate is deposited a^uun on the sides of tlie 
vessel from these solutions, aftm' several hours, in the form of small 
ervstals 

tf. (Udrium sidjil/afr Rohiiloii ad<Icd in exce.ss do<‘s not produce 
a, precipitate in a solution of tartaiic acid, and onlv u. slij.^lit- one 
aftfM' soiiK^ time in a solution of a neutral alkali tartrate*. 

lO. When even a veuy small (piantitv <>f calcium tartrate is 
tn'iited in a test-tube with ammonia sulntion, a, small fra^uumt. of 
erystallised sih'vr nitrate added, and the whole slowly heated, the 
side's of the tube will liecome covered witli a. hnlliant Jihn of 
metaUie silver; if heatcel rjuickiy, or if dissolviMi silver nitrate is 
used, the* reduccel silver will separate*, in the feirm eif pefwde'r (Arthur 
Casse.lmann). 

JI. i-^ileer yjitrale. solution does not pjive a pn'clpitafe with solu¬ 
tions of free tartariei aeael, lint ^ives a U'htte pre'e-ipitate* with TU'Utral 
tartrate solutions. The preicipitato produceel liy the* fallin^^ elrops 
at first disapp(*a.rs, l)iit se'parates aj^ain on vi^iorems shakiii'j;. and 
em tlie addition of more silver nitrate. 'J'lic pree-ipitate, C 4 H,jOcAg 2 , 
disseilves reaelily in nitric acid and in ammonia soliitieui ; wlion 
boiled it at once hcceuues hlae'k, owing to tlie re'elueed silver. On ro- 
flissolving the white ])reci])iiate (eilitained hy aelding an excess of 
silver nitrate solurioii to a neutral tartrate solution) hy moans of 
ammonia solutiem in iK)t teio great excess, aelding a little sodium 
hydroxiele seilutiein, placing the* to.st-tuhe iu a beaker (■ontaining 

' Zi tlsch. nwtt, Chrm., 42. 1'*. ■ Ihuf., 50, 122. 

^ Sre ff*o(not(‘ 2. fiu p. ‘ItMl. 
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water at about 70° aiui koatinjf the latter to boiling point, a mirror- 
lib’ di’imnil of ml re r will be formed. The success of the reaction is 
promoted if the te.st-tube is previously well cleaned, and in ]>artie,ular 
freed from fat by rinsing it with ether. 

12. I/'Oil (icrldle solution gives a white precipitate with a solution of 
tartaric acid and its .salts. The washed precipitate. ((.TlOJI.COOjol’b, 
di.ssolves readily in nitric acid and in ammonia solution free from 
carbonate. 

13. On adding to a solution of free, tartaric acid or to that of 
an alkali tartrate a small rpiantity of ferrous eltloride or ferrous 
sulphate s<dutioti, then one or two drojis of hijdrofjen peroxide solution 
or a few grains of sodium pero.iiilx, and finally an excess of potassium 
or sodium hi/droxule solution, a Jhie violet coloration will appear. 
'JTio reaction is not very sensitive,, but affords a means of distin¬ 
guishing tartaric acid from citric acid, malii- acid, and .succinic acid 
(Kenton). 

14. If tartaric acid or a tartrate is heated on the water bath in 
a test-tube (jireviously cleani'd Vvith concentrated sniphnric acid) 
with about 10 parts by V(^Iume of concentrated sulphurie aeul, a 
brown cobirutiou of the sulphuric acid will ajijiear simultaneously 
with the evolution of gas. (Distinction from citric acid.) 

15. If a saturated solution of putussium dieliromate is |)oured 
over a tartaric acid cry.stal at the ordinary temperature, the zone 
aurrounding the tartaric acid will beiaiine pur pie-violet to blaeh, 
with the liberation of l arbon dio.xide. (.Method of ilctecting tartaric 
acid in citric acid, since the latter turns c.olfee-coloiired, although 
slowiv. Caillelt.) The reaction may also be carried out with an 
aipieoiis solution of tartaric acid. This is treated with dilute snl- 
phiiric acid, one or two drops of a solution of potassium chromate or 
dieliromate added, and the whole heated for a short time, whereby 
the yellow colour is changed into the bluish-violet one of a chromic 
salt solution (Salzer). 

Hi. On treating a solution of auimouium mohjhdute (previously 
treated with ainiuonia until the reaction is slightly acid) with a 
liUle tartaric acid, adding one or two dro])s of hydroiicn peroxide 
or a trace (not more) of sodium peroxide, and gently heating this 
mixture on the water bath for some time at (>(1°, the colour, yellow 
at first (p. 3iS8, 10), will change to ijreeii and then blue (Crismer). 

17. If a few drops of a solution of resorcinol in concentrated 
sulphuric acid (about 1 : KKI) are adiled to a little solid tartaric acid 
or a tartrate, and ciirefiilly heated until sulphuric acid vapours just 
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to canape (at abouf to 140®), the liquid will liavc a fine 
\vinc-rod colouf (li'sorcinol tartreinc). The smallest quantity of 
tartaric ac.id may 1)(^ deUjctccl by this reaction (E. MohIer).i The 
presence of nitrates, nitrites, e]ilorate.s. and other oxidising agents 
distiM’bs the reaction {(}. Deniges).- It is, therefore, not so suitable 
as a direct,test for the jjresence of tartaric arid or tartrates in 
jnixtures. ns for determining whether precipitates, obtained e.(}. 
a.<-(iording to Nos. b to 8. are actually derived from tartaite acid 
{ef. however, also 8ee. 110. 12). 

18. With i-<*gard to the microchcmical detect ion of tartaric acid, 
see naushofor, p. 80; and Ihdirens, \0il. 1, p. 11). 

135. 

(TT(OTl).Ot)OH 

(C) Racemic acid | (Racemate ion, (' 4 lT 40 'V,). 

('/ //sfdllisrd ror“mie arid lias the fonnnla : (t'lI) 2 (OIT)«.(t‘()()H )2 I ^H^O 
{rf. IIU, I). ils water of ^•rv.st}llIisatioll cscajM's slowly on exposure 
lo 1li(“ aij-, rapidly at 100'. (DistiiK'tion from taitaric acid.) Raeeinie acid 
l)i‘lia\rs like tartaric acid lowards solvents. rocvmie acid satlft (race- 

mates) also sliow' a similar lieliavkair to lliose of tartar k* acid. »Several, 
hovvev (‘r, ililTer from the cor rcsjMinding tartrates as rcgnnls their content of 
waO‘ 1 , their form and soliihihty. A({u<‘ous solutions of racemic acid and Us 
salts have no rotatoi’y action on a beam of polarised light. (Distinction 
Irom tailaiie ncid.) ('idcinm chloride precipitates from lh<! solutions of the 
free ai-nl, as fioin its salts, calemui racemate, l('H(0H).(’()01./'a t 
as a white crystalline pow'der ()See. J34, 7). This is precipitated from its 
solution m hydroclilorie acid at once, or at least very soon, by means of 
ammonia solution. (Distinetionfromtartai ic acid.) It dissolves in potassium 
or sodium hydroxide solution, and is re-precipitated on boiling. (Distinc* 
lion from oxalic acid.) Lime leatcr in excess produces at once^ a white 
precipitate, which does not dissolve, in ammonium eldoride solution or 
III ac(‘tic aeid. (Distinction from tartaric acid.) ('dkiitm sulphate solution 
do(‘H not j)rodu(4‘ a precipitate at once in a solution of racemic acid (dis- 
Imction from oxalic acid), Imt after 10 to 15 minutes calcium racemat<v 
separate's (distinction from tartaric acid); the j)r(‘ci])itato is formed 
iinmediab'ly in solutions of neutral racemates. Uaccmic acid behaves 
towards potassium ion like tartaric ac.id. If sodium ammonium racemate 
or sodium potassium roc-emate is allowed to erystallisc, two kinds of 
rhomhic hcmihedric crystals ar<^ obtained; those whieh inter alia show 
the surfaces of right sfihciioids, and those W'hich show the .surfaces of 
left splu'uoids, whieh stnnd in relation lo one another ns an object and its 

* itsi'h. anal. Chem.y 30, (>20. ('hem. 'Aenir.y iS95, II., 250. 
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reflection (cnantiomorphiRm). The one kin<i ia the salt of ordinary tartaric 
acid, the otlier tliat of tile f-tartaric a<-id (Sec. I.14, 1). If the two kinda 
of cryatals are nvdiasolved togi'thcr, tile solution will again allow the 
reactions of rneemati' ion. When a solution of tartaric acid i.s innoculatcd 
with the spores of the mould fungus pencilHvm ijIaiiCKm, tlie (/-tartaric 
acid is decojn])oscd hiologically, and theic linally nuuains only the /-tai taric 
acid. With r(‘gard to the microclicmical detection of laccuiati* ion, see 
ITaiisliofcr, p. 82. 

Skc. 1.3G. 

CIL.COOII 

(d) Citric acid C'(()ll).C00ir (Citr.'tte ion, ('(.TTr.O'";) 
OTfa.COOn 

1. CrvstalUsod citric acid, as obtained on cooling its soltition, 
contains waterof crystallisation, and has the formula ; f'oflsDv-l tM). 
It crystallises in colourless and odourless transparent ery.stals with 
a pleasant and very .sotir ta.ste, dis.sidves easily in water and alcohol, 
litit with more dilllenlty in ether (2 2G : 100), ellloresees slowly in the 
air, and loses (if powdered) il,s water of crystallisation when slowly 
heated at 5.5'’ (Salzer) ; it melts when more strongly heat.ed, and 
then carbonises while giving off jinngeiit acid vapours, the odour 
of whitdt it is easy to di.st-iiiguish from carhonised fartaiie acid. 
An a(|Ueous solution of citric acid ia o])tieall 3 ’ inactive. Citric acid 
is a moderately strong acid (dissociation constants 0.H‘2.10~'’ at 25'); 
it is therefore somewhat weaker than tartaric acid, and i.s to a great 
extent contained in aipieona solution in the form of uiidissociated 
molecules. 

2. The ritmU'-t of the alkalis, both the normal and the hydrogen 
citrates, .are re.adily sfdtible in water ; no jirecipitate, therefore, 
is formed in citric acid solution by means of ])ot.assinni acetate, 'I’hc 
salts of citric acid with weak basic metal ions, e.g. with ferric ion, 
also dissolve readily in water. When evaporated on the water bath 
to the thickness of syrup, a solution of ferric citrate docs not yield a 
deposit of solid salt, ('itr.ate ion (in the same way and for the same 
reason as tartrate ion) ]irevents the jirecipitation of ferric hydroxide, 
.aluminium hydroxide, etc., by means of alkali hydroxide. It also 
forms eomjdex ions with other cations, e.//. ehroinium, manganese, 
and copper ions, and w'lth anions, c.g. molybdate ion and tungstate 
ion. The citrates are dissociated to a normal extent in aqueous 
solution, but no considerable hydrolysi.s takes ]dace .at this stage. 
As a tribasic acid, citric acid forms throe series of salts ; in addition. 
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two forms of difTorcnt iaoiiioric stnicturc arc also ])osRiblc itt the 
ease of the mono- an<l tlie diliydrogcn salts. There is accordingly 
a corresponding mimhcr of different anions of citric acid. 

3. Calcium chlondc solulion <loes not yield a precipitate in a 
sohi(-ion of citric, acid, eithcT at tlic ordinary temperature or when 
hoiled. [f, however, a somewhat eonrentrat<‘d soluthm of citric 
acid is neutralised after the addition of an C(piivaleut or only slightly 
pr(!d()minating (piantlty of calcium chloride ^ with sodium or potas¬ 
sium hydroxide, tlun-c* will at oik^c K'snlt a ]>reeipitat(^ of neutral 
calcium cihatc, whieh dissolves readily in 

tli«^ presence of excess of eatrate ion, hut witli more dilliculty if an 
(‘Xce.ss of calcium ion is ]>resent. It is not dissolved by })<>tassium 
or sodium hydroxide solution, but is readily soluble in ammoninm 
rhlon<le solution. If the solution obtained by adding not too imieli 
aimnoninm chloi i<]e is lioilod, calcium citrate of the .same eomjiosition 
^(‘parates in th<5 form of a wliite crystalline ]U'eei])itate, \\hie.h is no 
Iong(‘r solidde in ammonium elilnrido solution If a citric acid 
solut ion, mixed with ealeiiim chloride, is neutralised, as mentioned 
above, with ammonia, or if amnuanu))} chloride, Cfdcnnii chloride, and 
ainiHOHia arc (aided fo a solution of <(n alkali citrate, a ])riM*ipitale will 
be fni iued after several hours standing in the cold, or on th(‘ addition 
of alcohol. 1 f. howe.v<*r, t he (dear li(juid is lioiled, and t in* evaporating 
ammonia repIai;od, calcium eatrate with th<‘ ahove-meiitioned 
prop(uii(*s will suddenly sc[)arate. On Jieating calcium citrate with 
amimmia and siKaw nitrate, no silver will separate, or only a sliglit 
<|uantit.y, 

I Lime water added in excess i jiroduees no precdjiif ate in a 
solution of citric a(“id or of a citrate in the cold. The redaction should 
1 m‘ earriial out in a closed tlask. If tlie solution, however, is boiled 
with a fair excess of lime water (prepan'd with liol. water) a whtlc- 
pteeipilalc of calcium citrate is formed, whii h, wlieii cooled and 
occasiouidly sliaken in a (doss'd tlask. will partly, and after some 
tiin(\ completely disappear. 

Barium acetate solution gives, when added in excess to a 
solution of an alkali citrate, whe.tlier hot or cold, an amorj)lions 
pn^e.ipitatii with the fornuila : {(V,lI.r, 07 ).dbi;^-[ 71120. Tlu*. .same 

])ree,i])itate is produced wlicn a citidc ardd solution is treated with 

^ 'Dio iulditiou of oitraUs ions in oxiess <“tT(50tn tho solution of calciinn 
< itt.'itc and of niaiiy ot.luir com|)'»un<ls insotulile in water (caliiuni jihosydiate, 
caleiiini »>.\alatt‘. cti-.); llu* icactions given in 3 and 4, whioli are ba.sed on the 
sfpaialion of eali-iinn <-itra(<’, only su(.-«‘(‘ed, tl)orefr)re, when sidlicient oalonnn 
ion IS added as is neco.ssary for the preci[nlation of all the citrate ion present. 
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an excess of harvta water. The precipitato is not produced in 
dilute solutions in tlie cold, because it is not insoluble in water ; if 
heated, however, an amorphous preci[)itate separates, which soon 
changes into a salt witli the formula : (('(jIl 507 ). 2 Ba 3 +'’jH 2 *h con¬ 
sisting of mie.roseojiie. rieedle-shajied erystal.s. If this salt, or the 
amorphous precipitate, is lieated for about two hours on the w.ater 
bath with excess of a solution of barium aeetat(‘, another very 
chara(;^<‘risti(^ salt istormed. This consists of small, well-formed, mono- 
symmetrical s|)lmter.s, and has the formula : ((' 5 H.-,() 7 ).dhi;j-|-.‘Vr)HuO. 
In the case of very dilute solutions the salt is only formed after 
concentration. The microscopical appearance of thes<' erj-stals is a. 
certain proof of their identity (If. Kammerer ')• 

(i. On adding lead (tcelalc sohdion in excess to a solution of citric 
acid, a white amorphous jn'ccipitate of lead vilndc is produced, 
whidi dksolves re.adily after washing in ammonia solution fiee from 
earhonate. After being digested for some hours with water or aitetic 
acid on the water bath, the precipitate becomes cryslalline, and then 
h.as the formula: (Oolls^lrl^l’h;) ! .'iJl.jO. It does not (irodnee 
W(‘ll-formed, microseo])ic crystals. If a sohdion <if citric acid (jr a 
citrate is treated with about of its volume of glacial acetic 
acid, and a similar tpiantity of saturated lead acetate solution, a 
white milky turbidity will be |)roduced by the lead acetate, which 
dissolves on boiling and reappears on cooling (.Moslmger 

7. Silver tiilridc precipitates silver citrate, t'clI.rjOrAg;!, as a 
white flocculent preci(iitatc from sidutions of neutral alkali citrates 
On boiling a sullicient (piaiitity of this with only a little water, a 
gradual decomposition will take placi', witli the separation of silver. 

iH. On heating citric acid or a citrate with rroircidridcd .sidjilnoii: 
acid on the water bath in a test-tube cleaned with concentrated 
snl|ihiirie. acid, corbon moiioj.i'dc will escape first, then emhon dioxiilc 
and ((Ciionc. The sul|)hiiric acid only turns Icnioii-yiibiw. even after 
being heated for half an hour (H. .Schmidt, I’usch) ; the solution 
only become.s dark after long boiling, when sulfdiur dioxide escapes. 

If. If f) c.c. of a 1 or 2 per cent, solution of citric acid or of a 
citrate are heated to boding point with 1 c.c. of mercuric sulphate 
solution (prepared from .') grins, of mercuric oxide, 20 c.c. of concen¬ 
trated sulphuric acid, and IIK) c.c. of water) and, after the removal 
of the flame, treated drop by drop with 2 per cent, potassium per¬ 
manganate solution, decolorisation takes place and a white preci]iitate 

' y.fihch. itniil. Chem.. 8, 2i)8 (wiLli illu.slrutnm of tlic crystals). 

^ Zeitftch. anal. Vhtm.y 38, 7itt. 
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in foniiod. Tlie reaction (lo|M*nds on tli(‘ fact tiiat the citric acid 
is oxidised to twcUme di<xtrho.njlic acid, (d{o(C’()()ll).(.'().(H 2 (CX)Oil), 
whicli at the moment of its production is precipitated as a very 
sparififjly soluble mercuric doul)le sail. (<-.om])lex com|Juund of a 
l)asic mercuric salt with mercuric a(-ctone dicarhoxylate) 

((r. Denises i). 

10. Tf the oxidation is carried out with potassium permanganate 

in the absence of mercuric sulphate, acefone dicarlxu ijkc acid also 
obtained, which then remains in solution, but which may be detected 
by conversion into ])entabroma<’etone. and then 

into bromoform, (!HBr 3 . On dissolvinji, ejj. about O’Ol grin, of 
citric acid in 1 c.o. of water, adding a few d[‘o])S of 0*3 per cent, 
potassium permanganate solution, beating (but not boiling) the 
mixture until tlie red coloration has disa])j)ear(‘d. and th(*n treating 
]t with 3 to 5 drops of saturate<l hroniine water, a turbidity or white 
precipitab* will l)c formed either at on<*<‘ or «m cooling. On the 
.‘uhlition of sodium liydro.xid<‘ solution, the well-known o<iour of 
ln'oinoform will he noticed (L. Stahre,- A. Wbhlk-^). H. Kun/-’* 
recommends the following nietlmd of ap])lying the test: 10 c.c. 
of tin*, solution under examination are treatial with 1 c.c. of dilute 
sulplmnc Ui id (1 : 1) and with ()‘3 c.c. t)f potassium bromide solution 

grm.«. in KMIc.c.). After the liquid has hecu shaken, 1 c.o. of 
‘) [)er cent, potassium permanganate solution is introduced, the 
whoI(‘ w(‘ll shaken, and the test-tub(‘ ])hiced in a water bath heated 
to -lO' to 4.') ’. The manganese dio.xifle hydrate' which first sejiarates 
gradually dissolve's again. After about 5 minutes the last ])articles 
of it are remeiveel, as also the (‘lementarv bromine liberateel freun the 
potassium lu’oinide, bv means of the* addition dnep by drof) of a 
saturate'd fe'rrous sulphate' solution acieiilied with a little snl])huric 
ae-iel. and, afte'i- plae’ing tlie tube in e^old water, the white tuibidity of 
peutabroinaeotone will be*, oliserve'el If ailowe*el te) stand over-night 
it siibsieh's as a crystalline eh'posit. (Distinction from tartaric 
acid, malic acid, succiniet acid, lae-tie- ae-id.) 

11. Wli(*n (utric acid or a citrate' is Jieate'el with concentrated 
sulphuric acid by placing the test-tube containing the mixture in a 
boiling water bath, aeH09ie dirarhoxt/hc acid is also forine'el, which 
may be detected by means of the following .so-calh'd lie'gal's test. 
Dll carefullv diluting the mixture when cold with water, renelering 
it alkaline with soeliuni Jiydroxide* solution and Ireating it when 

* ’/x itsvh. iinid. ('ht m , 38. 7111. 
ibxi.. 41. 77. 


Ihitl., 36. 195. 
« Hid , 54. 120. 



508 JiEHAVJOUn OF SUBSTANCES TO BE AGENTS cn. n 


cool with a, few drops of ficskly-jjreparcd sodium nit.rojuussidc sohi' 
tion, a ndnj-ml coloniliott will appear, wlii(^]i e]ian^(‘s to pwkifih- 
violet wlioii treated with g]a<^ial acetic. a(rid in excess (B. Merk^). 

12. On introducing^ citric, acid (at least O'Ol grin.) with an excess 
of (innnoDio .solution (3 c.c.) into a strong glass tithe fused together 
at tlie bottom, and tlien fusing the t.ube in such a way tliat only a 
small space remains free alHjve the Ihpiid, heating it for si.x hours 
at llQ ' to 12 ()', and then pouring the li<[uid. wlum cold, into a shallow 
porcelain dish, an iufeu.se fdue o) green yroduel will be obtained wlum 
it ha.s stood for .some hours in the light and air. (Distinetbm of 
citric acid from oxalic, tartaric, and malic acids, and method for 
detecting small quantities of it in the presence of these acids. 
Sarandinaki, Sabanin, and Laskowsky.-) These colorations, which 
arc characteristu! of citric acad, are also obtained when the acid is 
heated with a little undiluted glycerin (0 7 ]>ari.) at a very low 
tenqxu'atnre until the mass begins to bubble, tlie residue dissolved 
in ammonia solution, the greater ])orti(m of Ihe liquid eva])(U'ated, 
and then a little water and two drojis of reil fuming nitric !ici<l 
diluted with b times its (juantity of water added. The colour, 
green at first. chang(‘s into blue by the action of heat on the water 
bath (Mann). Tin* nsu tion als(> o<-curs when, inst<‘ad of nitric acid, 
a small (puintity of iiydrogen ])ei()\ido .solution is mhled. 

13. With regard to tln‘ iineroeltemu'ul dcteetion of citric acid, 
see also Haushofer, ]>. 75; and Behrens, Vol. p. 51. 

8 Kf. 137. 

(:JI(0H).(H)0If 

(e) Malic acid, | (Malate ion, 041140 ^%,). 

(dio.cooir 

1 . Mulic oeid is known in three stcreoisoineric forms: d-malic 
acid or dextro-rotatory malic acid, /- or Ijevo-rotatory malic, acid, 
and “ raiMunic,” inactive (</ |-/)-malic acid. They are only dis- 
tinguislnxl from on <5 another by their optical activity. The ordinarij 
medic ucid, ])repared from fruit juice, is /-malic acid ; as in the case 
of its salts, its behaviour in aqueous solution towards a ])olariscd 
licani of light i.s sometimes hevo-i'otatory, sometimes dextro¬ 
rotatory, and somtimes inactive, according to its tom])orature and 
concentration ; in tlie ])resencc of uranyl salts the hevo-rotation in 
alkaline solution increases to a degrei' of 450 times the original 


* ZiU.'tcli. until. Chnn., 44, I2t. 


“ Ihnl., 17, 73. 
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value (i\ Walden ^). Beryllium salts behave in a similar manner. 
'Die -malic acid is obtained by synthetic ])rei)aration. Malic 
acid is a moderately strong acid ; it is weaker than citric acid, and 
is tlicrelore present in its acpicous solutions to a great extent as 
undissociatod mole(mles. (Dissociation constant 31).10“^ at 25^.) 
Malic ac,i<l is about twenty times as strong as acetic, acid. 

2. Ordinary malic acid crystallises with diiii(ailty in crystalline 

layers or sheaves of as.sociatc*d needles, which deli([uescc in the air, 
arc dissolved readily by water and alcohol and slightly by' ether, 
and melt at about 100". When heated at 1(K)" in the air, or in a 
vacuum at a higher bnnperature, anli\'drous a< i<ls arc produced 
in preponderance. If heated for some tinu^ at HO" to 150' malic 
acid is converted maiidv into J'ntnaric acnl, (■2H2(('0()H).., while 
water ('scapes. Heated at tcmperaturo.s hetwi'cn loO’end 2(K)"in a 
glass tuhe or small retort, malic acid gives a r(‘siduc of fumaric acid, 
while water and maleic anhydride, distil. TJic latter 

combines in part \\ith water to form maleic acid, ('oJD((^()Oi[)o, 
which is slcTeoisomcric with fumaric acid. Wln'ii lu'atcal at over 
2(10' the fumaric ac-id volatilisc's j)aTtly niKh'composed. The 
resulting crystalline siililimates, which form in the glass tiilx^ above 
tlic' lu'ated ]>art or in the neck of the retort, arc my vharucfcristic 
of malic acid. When lieated with nitric, acid, malic acid readily 
3 ields oxalic acid, with the evolution of carbon dioxidr*. 

3. Malic acid forms, with nicest cations, salts wliich are soluble 

in water, and which aic'. dissociated in acjuoous solution to a normal 
dc'grc'c* ; a eonsidc'iahli' hydrolysis does n((t take' place at this stage. 
As a dibasic', acid, malic acid forms two classes of salts, normal 
lualalc's and hydrogen malales, the, solutions of which contain 
ac< ctfclingly nuilatc or hydroyfn nialalc m//, (',j ir,o'5. 

I'uhi.ssiuin ]nal;il(‘ loii disaulvos Jairly readily in wafer ; 

iiialie acid is, f lierofrire, not, |ireei|iif,ated freiii ifs .suliitioii liy pntas- 
siuiii aeef.ate siilutiuii. Malle acid, like laitarie acid, |irevents 
llie |iroeijiil,a.(.|iiii of ferric, livdroxide, cfc , liy menus of alkalis. 
Km flier, malic acid freniieiilly shows a tendency to form eoinjilox ions. 

d. On adding calcium chloride, animonhim eliloride, and ammonia 
soinfion in excess to a solution of malic acid or of an alkali malate, 
the liquid reiiuiiiiH clear, and no prrciqiilalmn token ploer (if llie ijuantity 
of ainnionium chloride was not too small) even on piiiloniied boiling 
(distinction from citrate ion) ; if, liowovcr, two or l.liroe volumes 
of alcoliol ate added, calcium maliile, (f 4 H 4 () 50 a wili separate 

1 htr., 30, 288U. 
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us a white iiocculent precipitate. If the liquid i.s prcviou.sly heated 
nearly to boiling point, and just sufficient hot alcohol to cause a 
precipitation added, the precipitate will adhere to the sides of the 
glass tube in the form of soft lumps, which harden on cooling, and 
by means of pressure may be broken up into a crystalline powder 
(Barfoed). When heated with ammonia solution and silver nilrutr 
solution, calcium malatc does not came a separation of .silver, 
or only a slight one. t'alcium malate di.ssolves in boiling lime 
water. (Distinction and method of separation from calcium citrate. 
Fleischer.) 

5. Lime water <loe.s not precipitate malatc ion, either from a 
solution of free malic acid, or from that of a malic acid salt. Kven 
on boiling, the liquid will remain perfectly clear, jirovided the lime 
water wa.s prepai-e.d with boiling water. 

0. h’lnl aertate solution ))roiluces a white preeijiitate. of lead 
imlatc. C 4 H 405 l’b+,'fU 20 , in a solution of malic acid, or of the 
malates. The precipitation i.s most complete when the liquid is 
neutralised with ammonia solution, since the preeijiitate is somewdiat 
soluble, even in the case of a low concentration of liydrogen orhydro.vy 1 
ions. On heating the liquid, in which the jirecipitate is siisjiendcd, 
to boiling jioint, a jiortion dissolves, whilst the remainder melts 
and under water resembles fii.scd rosin. The salt .separates from the 
hot .solution, when cooled, in the form of small needles or llake.s. 
If it is a question of fitsing lead malate in small quantities, it should 
first be heated until the jirccijiitate has agglomerated, the greater 
portion of the liijuid jioiired off, and the remainder heated to boiling 
jKiint with the preeijiitate. This reaction is only decisive if the 
lead malatc is fairl}- pure; if it is mi.ved with other lead salts, or if 
ammonia, for e.xamjilc, is added until the liquid is alkaline, the 
reaction will not occur, or only ineoiiqiletely. 

7. I'iilnr nitrate solution jiroduecs in solutions of neutral alkali 
malates a white jirccijiitate of silver malate, (^ll.idjAg.^, winch 
becomes grey after long standing, or when boiled. 

8. El/ ojidatton irilh potussinm jierinani/anate. aceto-imdie acid, 
COOH.CO.t'JD.COOH, IS formed, the, mercuric salt of which 
dissolves readily in dilute sul|iliuiic acid, but with difficulty in 
acetic acid. On heating a .solution of malic acid or of a malatc 
to boiling jioint. after the addition of mercuric acetate solution 
(prejiared by dissolving Ti gnus, of the salt in 100 c.c. of water and 
adding 1 c.c. of glacial acetic acid), then filtering the liijuid to 
remove any turbidity which may have formed, and adding drop by 
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drop 2 per cent, potassium permanganate solution, a white precipi¬ 
tate will immediately be produced. If mercuric sufplade is used 
instead of the acetate, the reaction will not appear. (Distinction 
from c.ifric acid. (r. Deniges.D 

9. If malic, acid is licatcd on the water hath with couendraU'd 
stdjt/uiric acid, carbon dio.ndc. and carbon nioniuidc will ho evolved 
licst, tlien the litpiid will hoc-onu! l)rown and hl.Lc.k. with the evolution 
of ifidphar di<uidc. 

J{). With regard to tlu' niicrockcmwal dclcclion of malic acid, sec 
llaiishofor. p. 07 ; and Behrens, Vo\. 1. p. 17. 


Skconi) Divcsnjf^ 

Cj (he First (ifoap of' Organic Acids. 

'I’Ik' ai i<ls of th(’ second division can he suhhined. wlcndiy 
flic\ an* part lally conv('r(cd iiitfj a<id anhydrides (sm-ciiiic a(*id). 
TIh‘\' are imt oxi(lis(“(] hy nitric- acid, and are appreciably .soliilde 
in ct In*!’, alt hough succinic acid dis.solv<“s witli <-om])ara( ive <liliiculty. 
'I'iicy are ])reci|>itated from solution.s of their normal alhali salts hy 
neutral ferric chloruh' solution : Succinic acid, cinnamic ucid.~ 

(Skc. 1.‘>S. 

VAUCiHUi 

(a) Succinic acid, | (Sueeinalc ion. Cjll.dt'^). 

Cil. COOil 

1. Succinic ucid is a W(‘als achl (di.ssociafion constant 
at 2o ), and its solutions only undergo (ileetrolv t ic <lissoi iat ion to a 
slight degree. It crvstallises m eolourle.s.s and o<lourl(*.ss j-od-like 
or Hat. crystals. It dissolves in Mti parts of wat(*i‘ at 20'', dissolves 
readily in hot water an<l liot. alcohol, sparingly in cold ah-ohol, and 
slightly in (*thcr (1 207): lot)). When heated lor some time at 
i lO" it partly sublimes undecomjxrsed and jrartly yii'lds water and 
sueciiiic anhydride, which can be sublimed. If lieated rapidl}^ 
the aidd melts at 18D and boils at 235^, whereby it is to a great 

' ZAf.'.ch. HiKtl. ( 7c m , 40, 122 

* (!innaniie acid i.s closely O'latcd in niaiiy re.MpccIs in i(m analytical heliaviour 
to Dip nccoikI mouj) of oiganic. a.< Kts (cHpccially to tlio.st; of Die lirwl division of 
il.); it fonns to a ciatain extent a transition stag«; in jacssiiig fioni tin* first to 
the second group. 
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extent (.Iccomposod int(j anhydride and water. The sublimed aidiy- 
dride con.si.sts of glistening necdle.s. Heated in the air, succinic acid 
burns with a blue smokeless llame. When pure it is odourless, and 
has a slightly acid taste. ■ It is not decomposed when heated with 
nitric achl. It also remains unchanged when heated with neutral 
potassium permanganate solution or, if pure acid is present, also 
in the presence of sulphuric acid (C. von dcr Ilcide and II. 
Steiner i). 

2. The succinic acid salts (.succinates) are decomposed on ignition, 
those with alkah ions or the ions of the alkaline earths being con¬ 
verted into carbonates, with the .s<‘paration of carbon. Many of the 
succinates arc soluble in water ; they are dissociated to a normal 
extent in aqueous solution, but no considerabh^ hydrolysis takes 
place at this stage. As a ilibasio acid succinic acid forms two 
scries of salts : normal .succinates and hydrogen succinates, tlie solu¬ 
tions of which coiTcspondingly contain succinate ion, tl^ll^O'^, and 
kydrugensuccinate ion, C 4 J[ 50 ' 4 . Both sodium succinate and sodium 
hydrogen succinate may easily be obtained pure, even from ver_^ 
impure liquids, since they are only slightly soluble in alcohol and 
crystallise readily ; they may', therefore, be used for the detection 
and separation of succinic acid.- On heating succinates with jiotas- 
siura hydrogen sulphate in a small tube, succinic anhy'dride sublimes. 
Further, the acid may also be obtained from the salts by dceoniposi- 
tion with sulphuric acid and e-xtraction with hot absolute alcohol , 
also practically all the succinic acid may be obtained in etliereal 
solution by means of repeated e-xtraction by' shaking solutions 
(strongly acidihed with sulphuric acid) with other—or, better, by' 
continuous extraction in a suitable ajqiaratus (ej'. ji. 47). 

d. t)n adding calcium chloride, ammonium eliloride, and ammonia 
solution in o.xccss to a solution of succinic acid or an alkali siicciiiiite, 
the liquid will remain clear in the cold, or, if the ipiantity of amiiio- 
iiium chloride was not too small, also when boiled. On adding 
2 or .3 volumes of alcohol (8(i jier cent, by weight), however, calcium 
succinate, C 4 ll 404 ('a-) dll20, will sejiarate in a crystalline form, 
although often only after some time. 

4. Barium chloride solution produces in solutions of alkali succin¬ 
ates, but not in that of free succinic acid, a crystalline white pre¬ 
cipitate of barium siuxinate, (tT 1 . 2 ) 2 .( 000 ).Jfa, though, as a rule, 
only after some time. Heat jiromotes the separation. On 

‘ Zdlscli. uttul. Chtiii., 51, 70. 

* Cf. Meitisnor and Jolly, Ztilsch. anal. Chem., 4, 502. 
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adding alcohol the precipitate rapidly separates from dilute, 
solutions. 

5. Ferric chloride solution, prepared hy dissolving 1 part of 
crystallised ferric chloride in I part of cold water and then diluting 
with 8 parts of cold water (or liy treating ordinary ferric chloride 
solution with diliitf ammonia solution until a turbidity appears and 
then filtering the. liquid), produces in neutral solutions of succinates 
a gelatinous ])rcci])itaf.o (at first ]>ale, then brownish-red), the com¬ 
position of which corresponds to the formula (t'lL) 2 ((’(K)) 2 Fe(OH). 
'j'lie precipitate dissolves in a large e.xcess of the, precipitant, forming 
a reddish-brown solution ; the precipitation does not take place, 
therefore, in very dilute succinate .solutions, d'lie ]iresence of 
anions which tend to form complexi'S with ferric, ion disturbs the 
ri'action, e.i/. oxalate, tartrate, citrate, malati', and acetate ions. 
In that event, no precipitate is obtained or a jialcr one than usual. 
The precipitate di.s.solves easily in minc'ral acids, but sjiaringly in 
cold acetic acid ; it is ch'eomposed by ammonia solution, whereby 
succinate ion dis.solves and a less gelatinous, darker residui' remains, 
which is less .soluble and contains more iron (<). Doepping.l 
Barfoed) 

G. Iji’dd ncrtdtc sohdniv. when added dro]i by droji to a solution 
of free suc.einie acid or of alkali succinates, produces an amor|ihous, 
w’hite precipitate, which re-dissolves immeiliately in the presence 
of an c-xcess of succinate ion or lead ion, but which soon separates 
from the.se solutions in a crystalline form. This preiujiitatc, lead 
■lucciiiiiU'. ((lH. 2 ). 2 (( 100 ) 2 l’b, scarcely dissolves in water, even if 
boiling, or in succinic acid or lead acetate solutions, is readily 
soluble in nitric, acid, but less easily in acetic acid: when treated 
with ammonia solution it is converted into a basic salt. 

7. Siloer nilratc solution, ]irccijiitates succinat.e ion almost coiu- 
jiletely from neutral solutions, though often only on standing, as 
white silver succinate, ((tll 2 ) 2 {C 10 t)Ag) 2 . 

8. Succinic acid, when carefully heated at about 2(K)° with 
resorcinol and sullicient concevlrated sulphuric acid to moisten the 
mixture thoroughly, yields a browniah-yellow'. fused mass, showing a 
green fluorescence. On adding water, it becomes a yellow, and on 
being treated with atninon'a solution in excess a pale-red .solution, 
with a pronounced green fluorescence {resorcinol sueeinein). 

'.I. With regard to the microchemical detection, of succinic acid, 
sec Jfaushofer, p. 73 ; and Behrens, Vol. 4, p. 43. 

r Ltfbiti's Ann. d. Ckem., 47, 2711. 

33 
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Sec. 139. 

(b) Cinnamic acid (jS-Phenylacrylic acid), tdl.COOll 

(Cinnamylato ion. (.^dJljO'g). 

1. Cinnamic acid crystallises in ni(in().syniiiictrical white rods 
with a nieltiiif' point oi 133°. It hods at 300°. It dissolves with 
difficulty in cold water (1 part in 35(X) ])arts at 17°), more readily in 
hot water, and easily in alcohol ami ethei'. It may readily he almost 
completely extracted from its aqueous solutions by shaking with 
ether, as also from the solutions of its salts, strongly acidified witJi 
.sul|ihuric acid. It is a weak acid (di.ssociation constant 3.,5.10" 
at ') ; its aqueous solutions, therefore, only undergo slight dis¬ 
sociation. When rapidly heated the greater jiortion volatilises 
without deconqiosition and may he suhliined It is volatile with 
steam ; it may be almost comjilelely expelled in a current of steam 
from its solutions or from concentrated solntions of its .salts, strongly 
acidified with suljihuric acid 

It is oxidised hy means of jiotas.sinin permanganate in alkaline 
solution in the cold to heinaldc/ii/dc. and, when heated, to hcnzoic 
acid. When treated with strong nitric acid it is converted into 
nitrocinnamic acid. Ajiart fioiii the ordinary cinnamic acid, a 
slercoinimnic vanely is known, which differs from it in its chemical 
behaviour, and stands iji the same relation to it as, c y. maleic acid 
to fumaric acid (cis- and traas-form). This cis-forni ap[iears in tliree 
heteromorphoiis forms, i.e. differing only in their melting jioint 
and the shajic of their crystals : natural isociiimimic acid, allocin- 
namic. acid, and artificial i.sociiinamic acid.' 

2. The cinnamic acid ■ntll.i (cinnamylalen) vary in their degree 
of solubility. Only those of the alkali metals dissolve easily. The 
soluble ciiiiiamylates arc dissoci.ated to a normal degree in .'upieoiis 
solution ; the sodium salt is appreciably' hydrolysed, and its con¬ 
centrated solutions show an alkaline reaction, On adding a .strong 
acid to a cold aqueous solution of a cinnaiiiylate, cinnamic acid 
will be jirecipitat-ed at once or after standing for a short while, 
even in the case of slight concentration (as low as under O'l per cent, 
of cinnaiiiylate ion). 

3. Manganous salt solutions yield with not too dilute solutions 
of cinnamylates, although slowly (within an hour), a whiic precipitate 
of manyanous cinnainylate, (CoHr,.CH : CH.C00)2Mn-f-4H20, which 

’ R. lieilniami, /?fr, 42, 182, 141!? ; 44, !?ir)<»; LioluTmann, IhuL, 42. 
1027. 
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gradually turns yellow and lieconios crystalline, (Distinction from 
benzoic acid.) 

4. Ferric chloride solution, treated carefully with very dilute 
ammonia solution until a precipitate begins to form, and then 
filtered, gives a yeUoio precipitate with solutions of einnamylatcs. 

5. Calcium chloride solution in sulllciont excess gives with 
einnamylate solutions a white precipitate of calcium cinnamylalc, 
{(VIr,.(‘H : (!if.t'()0).j(.'a f ,'(1120, which dissolves with difficulty in 
watei- (1 part in about (iOO parts) but more readily in alcohol. 

In dilute solutions (c.i/. in a 1 per cent, solution of sodium 
einnamylate) the ])recipitation only takes jilace after shaking. An 
additional quantity of cinnamic acid may be precipitated from the 
filtrate of the original jirecipitate by the addition of hydrochloric 
acid. 

G. Actfd acetate unhition gives with cinimiuylate .solution a finely 
pulverulent precipitate of lead einnamylate. ((',(11.'; dl • ('ll.COOloDh. 
and silver nitrate solution a fiulverulent precipitate of silver cinnamy- 
late, ('olls.CIl: C'lI.OODAg. which dissolves readily in ammonia 
flolution. 

7. On treating einnamylate ion in a slightly alkaline .solution 
111 the mid with a few drops of potassium permanganate solution 
it is (oxidised to benzaldidiyde, winch ina\' lie detected by its odour of 
liitter almonds. (Distinction from benzoate ion, (.'. von der Ileido 
and 1'. .lakoo.’) 

ti. In .Mohler's reaction de.scrioed in connection with benzoic 
acid (.Sec HI, 9), a brownish-red coloration is produced by cinnaray- 
late ion. like benzoate ion ; it differs, however, in that this brownish- 
red coloration docs not disappear on boiling (C. von der Ileide and 
1'. rbikidi). 

9. With regard to the niii roc/iemieal detection of ciimamic acid, 
.SCO Uehrens, Vol. 4. p. 91. 


•Skc. ho. 

Smnnuiry and Renuirhs on Onjanic Acids. 

1. Of the organic acids and their ions dealt with, oxalic acid is 
characterised by the fact that calcium sulphate solution preciiiitatcs 
the free acid or its soluble salts from a solution slightly acidified 
with acetic acid. It calcium chloride solution is used instead of 

* Zlihcli. anal. Chem., 53, 4(50. With regard to a Hiniilar method of detec¬ 
tion hy means of photochemical oxnlation to bcnzaI<lohyflc in the prcwcnce of 
urauyl acelato solution, c/. A, Jorisnen, Zeifsch. anal. Chtm., 41, 030. 
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calcium sulphate solution, this reaction loses its value as a dis¬ 
tinctive test (Sec. 143, 7). 

2. Tartaric acid is distinguished by the sparing solubility of 
]mtassium hydrogen tartrate, the solubility of its calcium salt in 
cold sodium and potassium hydro.xide solution, its behaviour towards 
ammonia solution and silver nitrate, the almost complete insolubility 
of calcium racemate (Sec. 134, 7) ; further, by the odour which 
tartaric acid and its salts emit when heated, and finally by the 
colour reaction with resorcinol and sul)iburie, acid. It may best 
be detected in the presence of other acids by means of jjotassium 
acetate or pota.ssium fluoihie (See. 134, .b), ns also by testing the 
previously juecipitated calcium salt with resorcinol and sulphuric 
acid (iSeo. 1.34, 17). The test with potassium acetate is beat carried 
out with a solution concentrated by evaporation ; the addition of 
alcohol should be avoided, since in the presence of alcohol o.xalie. 
acid solutions can also give a precipitate (of juitassium hydrogen 
oxalate). Further, the reactions given in Sec. 134, 13, l.b, and 10, 
afford a means of distinguishing tartaric acid from citric acid, malic 
acid, and succinic acid, and of detecting it in their presence. For 
the detection of tartaric acid in the presence of citric acid, reaction 14 
—heating with concentrated sulphuric acid—is suitable (cf. also 
Sec. 13G, 8), since by means of this even ()'2 per cent, tartaric acid 
may be detected in cif-ric acid by the resulting brown coloration. 
Other organic substances, however, apart from tartaric acid and 
tartrates, give the same brown coloration, e.g. sugar and tannin.' 

3. Citric ncid may, as a rule, be recognised by its behaviour to 
lime water or to calcium chloride and ammonia m the presence of 
ammonium chloride, but in this ca.se the absence oi' the previous 
separation of oxalic acid and tartaric acid, as also the use of a 
sufllcient excess of lime water or a correctly measured quantity of 
calcium chloride, is assumed. Further, the microscopical appearance 
of the barium salt (Sec. 136, 5), as also the prC])aration of the products 
of decomposition described in Sec. 130, 12, form a reliable and 
trustworthy means of detection; above all, however, the reactions 
of Moslinger, Deniges, Stahre, and Merk are important and 
characteristic. 

' With regard to tho distinction of tartaric acid from the other organic 
acids by means of hexnminocobaltichlondc (lutoo-cobalt cliloride), cj. C. D. Braun, 
Ztitsch. anal. Chenu, 7, 340. Tartaric acid when boated with the above-men¬ 
tioned reagent in alkaline solution gives a green to bluish-violet colour leaction, 
whereas malic acid, formic acid, succinic acid, acetic acid, oxalic acid, and 
citric acid give precipitates of cobaltic hydroxide under similar conditions. 
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In Moslingcr's test (Sec, 130, 0) the presence of tartiiric acid and 
malic acid has a disturbing influence. Tartaric ion should, there¬ 
fore, be precipitated as potassium hydrogen tartrate, and the filtrate 
treated with ammonia to slightly alkaline reaction to separate 
the malic acid, and barium chloride solution and ‘ volume of alcohol 
added to the new filtiate. After standing for 12 to 18 hours the 
j>recipilate, presumably containing barium citrate, is filtered off 
and without being washed is distributed in about 15 c.e. of hot 
water and carefully decomposed drop by drop with dilute sulphuric 
acid. It should be filtered from the barium sulphate, and the 
filtrate tested according to Sec. ISO, (i, by boiling with glacial acetic 
acid and lead acetate. If the whole of the lead preci[)itate does 
not re-dissolve on boiling, the boiling Inpiid maybe filtered and note 
taken whether the filtrate, on cooling, .shows a milky turbidity 
(.1. iScliindler '). The detection is rendered more trustworthy 
in the presence of foreign acids by converting the lead precipitate 
into calcium dtrate. The lead precipitate is filtered off when 
comjiletely cold, washed several times with fit) per cent, alcohol, 
distributed in water and decomposed by the introduction of hydrogen 
sulphide. After boiling away the excess of liyilrogen sulphide 
the filtrate from the lead sulphide is rendered slightly alkaline 
with ammonia .solution and treated with a little calcium chloride 
solution. When this solution is reduced to about I c.c. and heated 
tor .some time by insorting the test-tube containing it into boiling 
wafer, calcium citrafe crisfals separate, the characteristic shape 
of which may be recognised under the microscope (J. Mayrhofer). 

JJoiiigcs’ reaction (iSec l.'ifi, !)) may, according to recent investiga¬ 
tions, be considered as .specific for citric acid. If large quantities 
of tartaric acid are present with citric acid, the .solution is first 
heated with a considerable quantity of pofas.sium ]iermanganate 
solution until dccolorisation takes [ilace ; mercuric sulphate solution 
i.s then added and the whole boiled. 

In the ease of Stahre’s reaction (iSec. l.'jfi, l(t) f he odour of bromo- 
form may be produced by malic acid but not b^ tartaric acid. The, 
leal characteristic therefore lii's in the appearance of the ponta- 
bromo-acetone turbidity, which does not occur in the case of malic 
acid. In the presence' of these acids, therefore, bromine w.ater 
should be added first and then the potassium perinaiiganate solution, 
the latter in a somewhat larger quantity. 

Merk’s test (Sec. l.'ifi, 11) is affected in the presence of tartaric 
^ ZtUsch, anal. C/tein.t 52, 32. 
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acid by the dark coloration which the latter produces in concentrated 
sulphuric acid. In that case, instead of pure sulphuric acid, a 
mixture of 1 pai't of acetic anhydride and 2 parts of concentrated 
sulphuric acid should be used, as there is then no disturbing 
influence, 

4. Malic acid would be easily characterised by the behaviour 
of its lead salt when heated under water it this reaction were more 
sensitive and if it were nut so easily prevented by the ju'csence <d' 
other acids. Conversion into (jxalic acid (Sec. 137, H) is characteristic 
of malic acid. The most certain method of recognising it is by 
converting it into maleic acid and fiimaric acid (Sec. 137, 2). Malic 
acid may also be distinguished from citric acid and tartaric acid by 
the sparing solubility of its lead salt in ammonia solution, whereas 
lead citrate and lead tartrate dissolve easily in ammonia solution 
free from carbonate. Calcium citrate and calcium nialatc may be 
separated by means of boiling lime water, which dissolves the latter 
and leaves the former imdissolved. Malic acid may also be detected 
in the presence of citric acid and succinic acid by treating the solution 
(acidified with a few drops of suljihuric acid) with a little potassium 
dichroniate and heating it to boiling point when, m the presence 
of malic acid, the odour of fresh apples will become noticeable 
(I'apasogli and I’oli). 

5. Succinic acid is above all characterised by its behaviour 
towards ferric chloride solution. The same may be said of cimmmiv 
acid, the behaviour of which towards manganous salt solutions— 
only oxalate ion gives precipitates apart from cinuamylatc ion— 
and further, its sparing solubility in water and its oxidation to 
bcnzaldehyde may be noted. In the presence of nuudl quantities 
of cinnaniylate ion those reactions fail which (h'pend on the sparing 
solubility of the calcium salt and, under certain conditions, on that 
of free cinnamic acid. In such cases tests for cinnamic acid must 
be applied to the extract obtained by shaking the solution (acidified 
with hydrochloric acid) with ether (</. Sec. 145). 

6. If only one add or the ion of one of the six acids mentioned is 
in solution, its behaviour towards lime water affords certain informa¬ 
tion, for succinate ion and malate ion are not precipitated, whereas 
citrate ion is only precipitated by continued boiling, and cinna- 
mylate ion, tartrate ion, and oxalate ion are precipitated even in 
the cold; the precipitate produced by cinnaniylate or tartrate 
ion dissolves on the addition of ammonium chloride, whilst calcium 
oxalate docs not. A definite distinction between succinate ion 
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and nuxiate ion. as also between cinnaniylate ion and tartrate ion, 
is tlien afforded by means of tlic ferric chloride reaction. 

7. Jf it is likely that senral of tlu* ar*ids mentioned or their 
ions are inrst'hl UujHhi'r in solution, a test should iirsb be made to 
ascertain whether a turbiditv is produced by the addition of hydro¬ 
chloric. acid.^ If this is not the case, no notice ikmmI be taken of the 
(hnnamylate ion in the followinif proc(*dure. If, iiowever, a turbidity 
does appear, whicli is rcniovi'd on shaking ff^e lujiiid with ether, 
it is not necessarilv c.aiisi'd by cinnamic acid ; it may well be due to 
the pr(‘s(‘nce of benzoic, or salicylic, acid 

A]>art from the result of this |)reliminary test, oxalabc tartrate, 
and any cinnamylati* ions are precipitated from the main portion 
of the solution bv the addition of a slight excess of calcium chloride 
and ammonia solution in the preseiHa' of ammonium chloride. It 
shouhl, however, lie noted that utubT those conditions the calcium 
cinnanivlate is only mcomjiletely precipitated,- and the calcium 
tartiati' almost ([uantitativ<‘ly preci|>ttaled onlv after some time, 
])ossil)Iy after about two hours; also that citrate ion. if present in 
any (juantity. jirevents the <-omplete prenjutatinn of the oxalate 
ion and still more that of the tartrate nm. Calcium tartrate may 
be. extracted from tlu‘ preci|)ttale by tri'atimuit with sodium 
hy<lroxide solution (Si'c I'M. G). Tartrate ion may also lie detected 
ill a portion of the preiapitate 1)V means of resorcinol and sul])huri(5 
acid (Sec 131, 17). Another portion of the precipitate i.s boiled 
wit h sodium carbonate .solution : the solution filtered from the 
n'Hultini^ c.akiiim carbonati* may, if the result of the jircliimnary 
test rendeis it m'ei'ssarv. 1 m‘ used for the detection of cinnamic 
acid in acc.ordaricc with Sec 13b. 3. I and 7. as also hy proiapitation 
of th(‘ frc<‘ aiad by moans of hydrochloric acal. A second portion 
of the cah-ium carbonate filtrate (slightly acidilied with acetic 
acal) IS ti'sted for oxalate ion with calcium sulphati* solutiou ; a 
further jiortion mav lie used for th(‘ detection of tartrate ion by 
preci])itation us potassium hydrogen tartrate, or a preci[)itate may 
1 m‘ produced with calcium acetab' solution, and tin* iiltratc of this 
tested for tartrate ion by means of /-tartarut acid (yec. 134, 7. 
y. N. Briinstod 

' 'I'liis may havn been observed in Ihe onjiinal tc'sts tor < atn*ns m tlio detec¬ 
tion of the motala of tlio tirst division of th<! fifth gro»i|) (See. ir>7. I ; See.164,1). 

- HcMK-e, in the ca.se of very small quantities, the einnamu: acid will not 
he found here. 

■* Zrit.ich. ii7inl C7cm.,42, lo. Tn a similar manner the test may. if necessary, 
bo carried out here for /-tartaric a< id by means of (/-tartaric acid sointion. 
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Wiicii testing for citrate ion, inalate ion, and succinate ion, 
tJie original filtrate (of the first precipitate produced with calcium 
chloride solution) is treated with about three times its quantity 
of alcohol. After standing for sevt'ral hours, cak-ium (titrate, calcium 
malate, and calcium succinate (and with them the remainder of the 
calcium oxalate and tartrate) will tlien be precipitated. A small 
portion of the precipitate, after being washed with 70 per cent, 
alcohol, is f esti'd for citrate ion ai-cordmg to the methods of Deniges, 
Stahre. or Merk (Sec. 1.3G, 9, 10, 11). 

If no citrate ion is (h'tected, the main quantity of the 
prei-ipitate is tested for malaO^ and succinate ion acc^ording to 
tlie methods givtm in the following jjaragrajihs ; if citrate loii is 
])resent, the main portion of the precipitate is dissolved in a little 
dilute hydrochloric acid, ammonia solution added to the solution 
until the reaction is alkaline and the whok* then heated until it 
boils. Calcium citrate sejiarates and can be iilten'd off ; the filtrate 
may be tested for malate and succinate ions. For this purpose a 
further (juantity of calcium malate and calcium sinaunate arc pre¬ 
cipitated by adding W per cent, alcohol and allowing the li«|Uid to 
stand for several hours, care being taken to keep the ammonia in 
excess. 

To test for succinate ion the malate ion is best destroyed by 
means of oxidation with nitric acid (cj\ Sec.. 170, ruiiric number 
188), or With potassium permanganate.^ Suoemic acid may be 
extracted from tlu^ residues left after oxidation by treating the 
liquid (strongly acidified with .sulphuric acid) with ether lu a con¬ 
tinuous extraction apparatus, and then identified liy means of the 
reaction with ferric cliloride. hi tlie absence of a continuous ex¬ 
traction apparatus the liquid may be repeatedly .shalcen with ether. 

As malate ion is oxidised by nitric acid to oxalate ion, the 
detection of the. latter in the product of reaction resulting from the 
oxidation with nitru; acid may be regarded as a proof of the presence 
of malate ion in the original material. 

The direct diitection of malate ion by the following method is 
more trustw'orthy. A ]>ortioii of the precipitate jiossibly containing 
calcium malate is boiled with 10 per cent, sodium carbonate solution, 
the liquid lilteri'd from tlu‘ resulting lalciuiu carbonate and the 

^ Suitablf methods for thi.s purpose have been given by 0. von der Heido 
and J. ytcincr, Zeitach. anal. Chcni., 51, 70, and 0. von der ileido and E. iSchwenk, 
Ibid., 51, 529. 
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filtrate evaporated to dryness with lO per cent, sodium hydroxide 
solution, 'rhe evaporation residue is heated for two hours in a 
drying oven at 120° to 130°, then dissolved in liydrochloric acid and 
the solution shaken with ether. If nuilate ion was present the 
ether will, after evaporation, leave fumaric acid behind, which 
may bo recognised by its sparing solubility in water, and after 
crystallisation from a dro]) of wafer, may be recognised micro- 
(^hcinically by its characteristic irregular feathery or branching 
crystals^ (R. Kunz and F. Adam-). 

One method of detec/tmg /naliv acid in the presence of oxalic, 
tarlaric^, and citrh; acids consists in conccni-ratiiig the solution of 
the acids (neutralised by ammonia solution) so far that it begins 
to crystallise when cold, then neutralising it again when warm 
with ammonia solution (since, owing to hydrolysis the ammonia 
escapes during evajioration and th(‘ liquid will have become acid 
again) and treating it with 8 parts of strong alcoliol (ttS per cent.). 
After 12 to 24 hours the solution, which eonlums the greater portion 
of the aminoniuni malatc, is filtered from the sejiarated ammonium 
oxalatiy ammonium tartrate, and ammonium citr.iti^, the malate 
loll j>recq)itated with lead acetate, and tlu^ l(‘ad malate washed 
with 1)0 per cent, alcohol and submitted to further tests (fkirfoed). 

If a hltlc ctinc acid or malic acid is to be detected in the presence 
ol muck tartaric acid, the tartrate ion shouhl first be jueeipitated 
with potassium acetate, with the addition of an (m{Uu 1 volume of 
strong alcohol. Citrate or malate ion may be precipitated in tlio 
lillrate by means of caleiuiu chloride and ammonia solution if the 
quantity of alcoliol is slightly increased. Filially, the calcium 
malate may be separated from the citrate by trc.itineiit with boiling 
lime water.-^ 


Second Group of Okoanic A( ids. 

The normal calcium salts of the acids of the second grouj) arc 
comparatively readily .soluble in water. 'J’lu*. solutions of the 
normal alkali salts give precipitates or colour reactions with ferric 
chloride solution : Benzoic acidy salicylic aci<l, formic acid, acetic 
a>cid {proiyionic acid, n-hutyric acid, lactic acid). 

‘ Sec the illiialrations in Behrens, Vol. 4, p. 4y. 

“ Zctluch. anal. Vkern., 46, 201. 

^ With regal’d to the separation of the acids dealt witli liero from one aiiotliei* 
and from several others, cf. also W. Koim, Zeitsch. anal. i'h( tn., 30, 105 ; C. Micko, 
ihiil.y 31, 405 ; N. Scheorl, Zeifsek. angew. Chem., 13, 307 ; (*. Jorgensen, 
Zetlach. Unters. Nahr. Gi^nuns., 17,396. 



522 BEHA VIOUR UF SUBSTANCES TO REAGENTS cu. ii 


Firs'J' Division. 

TLc acids of the first division may bo. .sufilimed undecomposed. 
They arc only apjji-ociably volatile with steam from their aipiemi.s 
solutions when strongly e.oncenlratcd. They are nitrated h}- nitric 
acid. They di.ssolve with diflieulty in water, but readily in ether, so 
that by shaking their aqueou.s solutions with the lattc'r they ai'c 
abno.st completely extracted without dillieulty {benzoic iicid, salicyhi: 
acid). 

Sec. 141. 

(a) Benzoic acid, ('olls.COOtf (Benzoate ion. t'oHs.CO'.J. 

1. Benzoic acid in the pure eouditiou eonsi.sts of odourlc.ss, though 
generally faintly aromatic, brilliant white Hakes or needles, or of 
a crystalline powder. It melts at 121'4°, and boils at 250", and 
volatilises completely, floated in an ojjen dish, it evajiorates to 
a considerable extent evini at 100". Its vapours have a e.haracter- 
istic irritating effect on the throat, causing coughing. When care¬ 
fully cooled, they condense as lustrous needles. When ignited 
they burn with a luminous, smoky llame. The ordinary medicinal 
benzoic acid has the odour of gum benzoin, and when heated in a 
test-tube leaves a slightly brown residue. Benzoic acid dissolves 
at 0° ill 5S8, at 20" in 545, at 100" in 17 parts ol water (Boiiigoin) : 
it is readily dissolved by alcohol and by ether. A saturated 
alcoholic solution is, therefore, rendered slightly turbid by water. 
It may be almost completely extracted from its aipieous solution, 
or from solutions of its salts strongly acidilied with snijihuric acid, 
by shaking them with ether. It is a weak acid (dissoeiation con¬ 
stant G.IO""') ; its aqueous solutions are, therefore, only dissociated 
to a slight extent; they have an acid reaction. It dissolves to a 
colourless liquid in concentrated sulphuric acid, from which it is 
precipitated by water unchangid. It is volatile in steam ; it may 
be expelled almost couqiletely in a current of steam from its con¬ 
centrated aqueous solutions, or from the concentrated solutions of 
its salts strongly acidilied with sulphuric acid. Benzoic acid remains 
unchanged when heated with an alkaline solution of potassium 
permanganate. When treated with strong nitric acid it is converted 
into nitro-benzoic acid. 

2. Benzoic acid sails (benzoates) are mainly soluble in water ; 
only those are practically insoluble which contain weak cations. 
Soluble benzoates have a characteristic, irritating taste; they are 
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dissociated in aqueous solution to a normal extent. If a strong 
acul is added to concentrated aqu(mus solutions of benzoates, the 
]»enzoato ions combine with hydrogen ions to form benzoic acid, 
wliich seqiarates in the form of a dazzlingly wliite, crystalline 
powder, dissolving with dilliculty. In the same way benzoic acid 
is ])rec.ij)ita.ted from its insoluble salts on the addition of strong 
acids, which form soluble salts with the cations with which the 
benzoate ion was eombined. 

3. Ferric chloride solution, prepared in the cold (Sec. 138, 5) 
prcci])itates benzoate ion almost conqiletely from solutions of 
benzoates. Tlie ]»recq)itate consists mainly of the borMulv of the 

hex(ihrnz<H(l<)tnfcrric base,' (’(iHr,.(UX)l(011)oFe;3{(yIr^ ('()())g|. The 
voluminous llesh-colouTed precipitate is decomposc'd on treatment 
with ammonia solution in a similar mann<‘r to basic b'rric. su<a-inate5 
but dillcrs from the latter m that it dissolves in a small ((luintity 
of hydroc-hlorir acid, with the separation of the gn-atia- portion 
of the benzou^ acid. Alkali tartrates prevent or influence the pre¬ 
cipitation of th<‘ ferric (^impound. 

1. Ijvad iwctalr .'«>hi(ion does not ]irpcipitate fre«‘ benzoic acid, 
but preeijatates bcnzoati' ion in a floc-culent form. The preci[»itatc 
((’(,llj,.('()())^Pb-|-ll 2 f 1 <loes not dissolve in the preseiKM* of an excess 
of benzoate ion. but it is soluble in an excess of lead ai'ctate .solution, 
as also in acetic acid. When tin' solution containing the precipitate 
is heati'd to lioiling point, the latter is not dissolved, even on the 
addition of ammonia solution 

5. On treating a solution of bmizoic acid or of a benzoate with 
hariwu. or calcium chloride solution, ammonia solution, and dilute 
alcohol. ??o prrrijyilafr is formed. (Distinction from succinic acid.) 

0. Hufrrr n/frofo t^ohdion docs not produce a pn'cipitate in solu¬ 
tions of free benzoic acid, Init on the ad<lition of sodium acetate 
crystalline mlrcr hcnzoalo is prcc-ipitated, (yi 5 ('OOAg It forms a 
white pre(tipitate in solutions of benzoates on tin* addition of silver 
mtrati! solution. Silver benzoate is readily soluble in ammoDia 
«oIution. us also in a large quantity of boiling water 

7. Benzoic acid is esterified by a singh' fiolling with a little 

iibsdiute alcohol and concentrated sulphuric acid. If, whon cool, 
tlip test-tube is filled nearly to the top with water and h e.c. of ether, 
and Uiea shaken, the benzoic acid clkijl ester. (',,115 fhHfyfs)! 
taken up by tlie other. On di])ping a strip of filler paper into 

* R. F. VVcinland and A. Uerz, Rer., 45, 2662. 
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the latter, the ester may be recognised on it, after evaporation, by 
its odour (A. Rdlirig i). 

8. On evaporating an alkaline solution containing benzoate 
ion to about 0'5 to 1 c.c., acidifijhig it on a clock glass, adding a 
granule of sodium amalgam, tbeJi covering it with another clock 
glass, the strong odour of henzaldehydr, C(jH 5 .CIl() (recalling that 
of bitter almonds), will become noticeable when the glasses are 
opened, after the evolution of hydrogen has ceased (K. B. Lehmann *). 

11. If a small (juantity of a slightly alkaline solution of benzoic 
acid or of a soluble benzoate is evaporated to dryness in a test-tube 
on a suitable bath heated to 110'^- I15“. the ri'sidiu; cooled and then 
slowly heated with a small quantity of a jui.xture of 2 jmrts of 
covcoilmtrd sidphuric acid and 1 part of corn'cntrutnl mine acid 
in an oil bath (a small beaker with paraflin oil) to 240", 1 c.c. of water 
carefully added when the mixture is cool and the latter treated 
when again cool with an excess of mnwonia sotultoii, a i/ellaw 
adoration will generally appear. On boiling the mixture, eoolmg 
it, and dropping on to it a 10 per cent, soihum nuDiosnlylndo solution 
(freshly prejiared by dis.solving e.ry.stallised sodium sulphide in laild 
water), a rrddish-broirji ring will appear almost immediately, the 
colour of which is imparled to the whole liquid when shaken. On 
boiling the mixture the former yellow coloration returns. In 
this reaction there is first formed (owing to the action of the add 
mixture) diuitrobenzoic aeiil. wliiidi is then further reduced b}' 

1 3 0 

the sulphide to nitro-iii-aminobenzoie. acid, (’DTl 5 .N 02 .hJH 2 .f' 0011 , 

1 3 5 

and to dimmnobenzoic acid, ('((H 3 .NJl 2 .Nll 2 l' 001 I, the ion of which 
dissolves, showing a reddish-brown colour (JL Moliler,^ 0. von der 
Hcidc and h'. Jakob <*). 

10. Benzoic acid is oxidised by hydrogen peroxide to salicylic 
acid. On boiling 4 c.c. of an aqueous beuzoic acid solution with 
0'2 c.c. of acetic acid, 0'2 c.c, of ferric chloride solution, and 0'2 c.c. 
of hydrogen jieroxide solution by placing it in a boiling water bath, 
there will appear after 10 or 15 seconds the characteristic violet 
coloration due to the resulting salicylic acid (Jonescu, Beiiiges ®). 
(Distinction from cmnamic add.) 

The sensitiveness of the reaction dejicnds on the ratio of hydrogen 
Jieroxide to benzoic acid; mineral acids, volatile fatty acids, and 

* Zctlsch. uhhI. Chem.f 63, 455. 

3 Ibid., 36, 202. 


* Ibid., 61, OSO. 


- Ibid, 53, 461, 
« Ibid., 53, 456. 
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oilier volatile acids, and also alcohol, have a |)revcntivc action 
((1. Bieniath '*). 

11. Benzoic acid is partially converted into .salici/lic acid also 
by fusion loith alkali under certain v.'ry limited condition.s. Benzoic 
acid is dissolved in a few drops of sodium hydro.xide solution and 
about 1 c.c. of water, evaporated to dryness in a silver crucible 
on the water bath, and then fused ov'cr a small flame with 2 grms. 
of coarselv pulveihsed potassium hydro.xide and kept in a state of 
fusion for 2 minutes, while being stirred with a thick platinum 
wire On dissolving the fu.sed mass in water, acidifying the solution 
with sulphuric acid, .shaking it with ether, and evaporating the ether 
solution (previously washed three times by shaking it with a little 
water) with 1 c.c. of water at a low temperature, the aqueoins 
residue will give with ferric cliloriile solution the rialcl colour rracUon 
of salicylic acid (K. Fisher and O. (Iruenert -). 

12. With ri'gard to the mtrrochcuucal dclcclioti of benzoic ae.id, 
see ll.aushofcr, p, 71 and Behrens, Vol. 4, p. 71. 

yEC. 142. 

I ‘2 

(b) Salicylic acid (Ortbo-hydroxylx'nzoic imid), (' 0114 . (Oil). (('()OII) 
(iSalicylutc ion, (yi4(0Jf).C0()"). 

1. Salicijlie (icld in a fairly weak acid (dissoeiation constant 
and only undergoes slight dissociation in its aqueous solution. 
If. erystallises in the form of colourless and odourless needles or rods, 
ft dissolves slightly in coldainl more readily in hot water, one part 
re<[iiiring 600 parts of water at 0”, .‘170 jiarts at 20‘\ and 12‘0 parts 
at ItK) ’ (liourgoin)- i-f* ('\e.(*edingly soluble, in alcohol and in ether, 
as also iu amyl alcohol and e.hltnofonn. From its aqnetius solutions 
or ju'idilied solutions of its salts, it m.iy be almost completely ex¬ 
tracted by shaking with ether or eldoruform. Salieylic acid melts 
at 155*^, and when carefidly heat<'d sublimes nnelianged in the form 
of needles ; when ra[)iflly heated it is partly decomposed into carbon 
dioxide and phenol. When an aqueous salie.ylie aeid solution is 
boiled, it volatilises to a considerable degree, and may to a large 
extent be expelled from its strongly eoncentrated aqueous solutions 
or from solutions of its salts, acidified with sulphuri<'. acid, by con¬ 
tinuous distillation in a current of steam, its aiiuemis solutions 
give a distinctly acid reaction. I'lie action of strong nitric acid 
on hot sahevlic acid produces nitrosalicylic, acids, ft is completely 
‘ Zeitsch. anal. CArwa, 53, 402. * Ibid., 53, 450. 
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decomposed wlicn heated with an alkaline solution of potassium 
permanganate. 

2. Salicylic acid forms with bases Iwo scries of sails (salicylates), 
which are generally termed neutral and basic. In the “ neutral ” 
salts only the hydrogen of the earho.Yyl group is replaced, and 
in the “ basic ” salts that of the hydroxyl gronji as well. The 
aqtieous solutions of salicylates are dissociated to a normal extent, 
tho.se of the basic salts being also considerably hydrolysed, so that 
they give an alkaline reaction. Solutions of the alkali salts turn 
brown when heated in the air, especially if they contain basic .salts. 
Most of the neutral salicylates arc soluble in water, but of the basic 
salicylates many do not dissolve in water or only slightly. The 
alkali salts of salicylic acid are converted when heated at definite 
high temperatures into salts of p-hydro.xybenzoic acid. When 
heated with an excess of alkali cither a conversion into p-liydroxy- 
benzoates will occur, or partial decomposition, with the formation 
of carbon dioxide and phenol, or the salts remain unchanged, 
according to the temi)erature and the (piantity of the excess of alkali 
(H. Osti). The salts of the alkaline earths and heavy metals are 
partly decom|]Osed at. temperatures bid.ween 201)''' and KX)'’ into 
carbon dioxide and phenol; conversion inl.o yehydroxybenzoate 
does not take place (A. v. d. "t'elden-). mineral acids precipitat(' 
salicylic arid from sufficiently concentrated solutions of salicylates 
as a crystalline whir precipilalc. Acetic acid docs not cause 
precipitation 

3. Ijcad acetate solution produces in the solutions of neutral 
alkali salicylate.s a white precipitate of lead salicylate, ((yi^OIf 
C 00 ) 2 Pb+H 20 . which dissolves in e.xcess of lead acetate as also 
in acetic acid, but not in ammonia solution. The precipitate dis¬ 
solves if the. solution is heated ; it separates in small crystals when 
the solution cools. 

4. Calcium chloride, as also barium chloride, docw not yield jirc- 
cipitates in solutions of alkali salicylates, even on the addition of 
ammonia .solution and dilute alcohol. 

it. Sihvr nitrate, solution produces in a solution of sodium .salicylate 
a voluminous white |)reci]iitate of silver salicylnle, Oll.COOAg, 
which becomes crystalline on standing. It is readily soluble ui 
ammonia solution. 

6. On mixing a solution of salicylic acid in methyl alcohol 
with halt its volume of concentrated sulphuric acid, and heating it. 

' .7. imilcl. ciiim., N. t’., 11, * Ibid., N. P., 16, 160. 
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a compound, the methyl e.stor of salicylic acid, with an aromatic 
odour, is formed, and may he separated by distillation ; this is 
the, chief ingredient of oil of wintergreen. By dissolving .salicylic 
acid in ethyl alenhol. the corresponding ethyl eompoiind. with a 
similar odonr. is form<‘d after the solution has been allowed to stand 
m a warm jihme. 

7. On adding to an aqueous solution of not ap|)reeiahly dis¬ 
sociated sahcvUe aeiil a small quantity of ireshly iirepared ferric 
chloride solution, more or less dilute according to the ipiantity 
ol salicvlic ai'id, the liipiid will assume an »«/cwsc pioh’l coloration. 
f'ree formic acid, acetic acid, butyric acid, lactic acid, tartaric, acid, 
cilnc acid, and other hydroxy acids inlluencc the sensitiveness of 
this vi'ry charai terislic reaetion ; hydrochloric .acid and ammonia 
prevent it. The reaction is based on the formation of ferric .sa/fs 
of (hsiiliciilalofrrnc acid : 

/(.'()( 

I’liir/ 

O' 

o 



M'OOll 


The solution of a salicylic, acid salt reacts at first somewhat differ- 
eiitlv from the free acid. On adding very dilute ferric chloride solu¬ 
tion. drcqi by drop, to a concentrated solution of sodium salicylate, 
there will be formed first a fiery reddish-yellow and then, on further 
addition, a, red coloration (similar to that of ferric thiocyanate), and 
onlv on a still further .addition the violet reaction, which is also 
shown by the free acid. 'J’he reddish-yellow coloration do])ends on 

III 

llu' formation of trisaliojldiofcrric aciih Fc-‘(().(Li.COOll)^, the 
red eoloration on the formation of disalicylatoferno acid, and the 
\io!e|. on the formal ion of the ahove-numtioned fiTric salts of 
Ihe latter (K, F. Weinla.ml and A. JLerx '). A considerable excess 
of h'rrie eldoride causes tlie violet colour to cliange into red tinged 
with lu'own in the cas(‘ of both salicylic acid and salicylates. 

On boiling an ai{ueous salicylic acid solution witli a few 
drops of a j(* \)QT cent, mercuric nitrate solution (prt'parod by 
lu'ating 10 grms. of mercuric nitrate with !K) c c. of water until 
nearly lioiling, adding conccntrateil nitrii^ acul droj» by drop irntil, 
while stirring the mixture aud jiressing the solid particles with a 
glass iiid, all tlie basic salt is dissolved, and (inally adding water 
^ fAchitfs Aw. d 400, 210. 
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up to 100 C.C.), adding two or threo drops of dilute sulphuric acid-- 
if necessary boiling the mixture—and finally drop by drop 1 per 
cent, sodium nitrite sointimi, a red colorntiov will ajipear, which 
generally becomes nii>re marked on cooling (Millon’s reaction). 
This reaction is based on the fact that first a complex mercuric 
s(diciilie acid is formed : 

/Oil 

('0115(00.0 (2, 3 . 1 ) 

\llg 

which then yields wifli nitrite ion a nitroso compound, which dis¬ 
solves in the ])rcsonce of mercuric, nitrate, forming a red solution 
(C. J. Lintner')- All other substances which contain the hydroxy- 
j)hcnyl group [('oHrlOH)-!, including the ])rotoins, .show in this test a 
red coloration which is due to a curres|)on(lmg mechanism of reaction. 

9. On heating 10 c.o. of a .salicjlic acid solution with 1 drop.s 
of a 10 jier cent, potassium or sodium nitrite solution, 4 drops of 
acetic acid, and 1 drop <jf lit j)er cent, cupric sulphate solution for 
some time in a boiling water bath, a hlond-red coloration i.s produced 
(A. Jorissen^). 

10. Although when Mohler’s reaction, described in connection 
with benzoi<' acid (8c(c 141, 9), is used, salicylate ion gives a bright 
yellow coloration when neutralised with ammonia solution, the 
formation of the reddish-brown zone when sodium monosulphide 
solution i.s poured on to the mixture does not occur, or occurs at 
most after a few minutes. Tf, on the other hand, the solution is 
then boiled a very deep reddish-brown coloration a)ipcars--a further 
contrast to the behaviour of benzoate ion. If the mono.sulphide 
solution is replaced by a sodium polysulphklc solution or by yellow 
ammonium sulphide, the red-brown zone appears immediately, 
even in the cold. 

11. Salicylic acid is almost completely precipitated from its 
aqueous solution by bromine, ivuter as symmetrical tnhronmphenol, 
CjHuBra.OH (2, 4, 6, 1), in the form of wliite flakes; on the 
addition of a sufficient excess of bromine this is converted into 
yellowish-white almost insoluble p-ketodihydrotetrabromobenzenc, 

(R. BenediktS). 

12. With regard to the microchemical detection of salicylic acid, 
see Behrens, Vol. 4, p. 80. 

1 Zcitsch. angew. Cliem., 13 , 707 . ' Zeiheh. anal. Chem., 42 , 458 . 

^ LiehufK Aiuf. d. Chan., 199 , 135 . 
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Second Division 
Of the second grou'p of organic acids. 

I’lic acida of the second division dissolve very readily in water. 
With the exception of lactic acid they volatilise readily with steam, 
and ina}' ()e almost completely expelled without dilHculty from fairly 
dilute solutions : Formic acid, acetic acid {jtropionic acid, n-hutyric 
acid, lactic acid). 

Sec. 143. 

(a) Formic acid, JLCOOH (Formate ion, Jl.COOO- 

J. Formic acid, is a colourless, traiisparent, c.oiTosivc. slightly 
fiimmg li(juid, with a very j)enetrating and characteristic odour. 
It < rvstalliscs at - V in coloiirli'ss leaves, which nu'lt at 
It is miscible with water and alcohol in all pro])ortions. It boils 
at lot*', and can b<^ distilled without decomposition. Its vapours 
can be ignited and burn with a bliu' llanie. WJnui distilhal in a 
current of steam it may la* conijiletely exjielled without ddhculty, 
even from only sli;ilitly c.oncontrated solutions. 

Jt is a weak acid (dissociation constant at lio’), and 

thcrefoie only slightly dissociated in its aipieous solutions. It is 
readily and completely oxidi.sed wdien heated with chromic acid, 
or with potassium pi'rmanganate in alkaline solution. 

1*. Nearly all the foi-mic and salts {formates) are fairly n^adil}’ 
.soluble in wat(‘r, tin* gi<*ator numlx'r dissolve with dilHculty in 
alcohol. They arc dissociated to a normal <*.\tent in aipieoiis solu¬ 
tion, and at this stage aic not hydrolysed to any apfireciablo degree. 
The solutions of the alkali salts, tiiorcfori*. sliow a neutral reaction 
towards litmus. When h(*ated to a fairly high Icmjierature (the 
sodium salt at about 290'^ to 3(i()') the alkali salts, especially iu the 
pit'scncc oi a free alkali, arc convert<*d almost completely into 
oxalates with the liberation of liydrogcn : 

m.COO^ii-lU \ (COO).Na. 

When ignited, the formates give a residue of carbonates, oxides, 
or metals; carbon separates simultaneously, and iiitlamniable 
gase.s, (carbon dioxide, and wMer escape. 

3. On adding ferric chloride to a dilute formic acid solution 
and almost neutralising it with ammonia, or mi mixing the 
• neutralised solution of a formate with ferric (diloi-ide solution, the 
iiipiul will assume a dark nd colour (provided the ferric chloride 

34 
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remaifls in excess). When boiled it becomes colourless (if loo much 
ferric chloride was not added), since all the iron separates in 
brownish-yellow flakes mainly as basic ferric formate. The re(i 
coloration of the solution depends mainly on the formation of the 

III 

cation of the he.rafornuitolriferric base [(11 (XlOloKcsl"'. In the 
presence of very much sodium formates with little ferric chloride, 
c.g. on the addition of a small ejuantity of the latter to a satiuated 
solution of the, former, a light green coloration is first produced, 
owing to the formation of the union of the hexufoniuUomormferric 

III 

base [(H.COO)((Fef", which is only re|)laced by the red coloration 
on a considerable addition of ferric chloride (R. F. Weinland and 
H. Eeihlen '). 'I’lie red coloration changes to yellow on the addition 
of hydrochloric acid (Distinction from thiocyanate ion) Ammonia 
precipitates all the iron from the red solution as ferric hydroxide. 

1. Silver nitrate does not precipitate free formic aciil, and only 
]ireci]iitatos alkali formates in concentrated solutions. 'I'lm cry.sta!- 
liiie, white, sparingly soluble precipitate of silrerformate. II CODAg. 
soon becomes darker through the separation of metallic silver. On 
standing for some time complete, reduction takes place, oven in the 
cold, but on heating the linmd with the precipitate it takes place 
immediately. The same, reduction also occurs if the solution of the 
formate was so dilute that no precipitate was produced, or if free 
formic acid was present. It does not occur, however, in the presence 
of ammonia in e.xcess, and it is also prevented by the presence of 
small ([uantitics of chlorine ion (II. Sultwr-) The reaction is 
based on the fact that two formate ions, wliih' losing their negative 
charge, arc converted into carbon dioxide and formic acid, whereby 
naturally an eiiuivaleiit quantity of silver ion must lose its jiositive 
charge;'an.COO'+2Ag-=002 i-irC001I+2Ag. 

i>. Mercurous nitrite solution produces no precipitate in free 
formic acid, but in solutions of alkali formates it yields a glistening 
white, S|iaringly soluble precipitate of mercurous formate, 
(H.OOO) 2 Hg 2 . Owing to the separated mercury, this precipitate 
soon becomes grey ; comjilctc reduction takes place after long stand¬ 
ing, even in the cold, but immediately on heating, whereby carbon 
dioxide and formic acid are also formed. As in the case of the silver 
salt, the reduction takes place even when the liquid is so dilute 
that the mercurous formate remains dissolved, or if free formic 
acid is present. 

' Her., «, 3144 . 


* Zeitsek. anoew. Chem., 25, 1273 . 
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0, On heatin" an aqueous solution of formic acid or of an alkali 
formate witli several times its (quantity of mercuric chloride, a 
])reci])itate of mercurous chloruU' is obtained: 

ii.coo'+2ng -+‘i(r=ii-+(i(>^ i-^cr 

for example— 

H.OOONa-1-211-01. f Co_p\a('l + lh'I 

The presence of lariio (piantities of free hy<lro^rch ion, rjf. free 
L\'drocliIoric a<-id. pri'vents tiie reaction ; in sin-h rases. Inovever. 
it takes place on the addition of a <-.orrespondm- (piantitv of sodium 
acotati^ Snell an addilion inav also he recomnumdc'd 1,o cheek t he 
dissociation of tlie acid liberated on tin' reaction 

7. On heatin- dilut(‘ formic acid with an ex<(‘ss oi feud oxide, 
the lattm’ will partially dissolve (the liquid will show an alkaline 
reaction) WJum the solution, if no<a‘ssar) e<inccntrated by evapora¬ 
tion, is cool,//Y/^/ /orn/<-//c. (1 f ('(.)(s<‘parates in j^disteiiini; rods 
or needles, wlm^h are jiraclieallv insoluble in ale.oliol. (Distinction 
from acetic acid.) 

8. Wlien ii(*ated with concentrated sulphuric ucid. foniiH' acid 
or a formate dec,ompoS(*s (witlioiit a black<Miniu of the Inpiid) into 
walcj and carbon monoxidi* whi<‘h escapes with oirervc'siamce. and 
when iemted burns with a IjIik* Hame The sulphuric acid elTects 
theconijilete diaomposition of f<>nnie. acid : J1 COOll -ll.t.) -j-CO. 

On healin- formates in a distillation appaiatus with dilute 
sulphuric, acid, free formic and is obtained in tin* distillati*. and may 
-cnerally be rec.o^miscd immediately by its oihmr ; <m luaitin;? it 
with a mixture of eoneontrated siiljihune and and alnihol, the 
<‘thvl ester of formic acid is jiroduced. wlm li may lx* reco-msial by 
its characteristic, odour, remiuiscnit of that ol biand\. 

b On gradually treatm- a very dilute solution of formic, acid 
or of a formate (previouslv treated with half its volume of liydru- 
ehioricacid) in a small covered flask with a h'W <l< -rms. of magnesium 
turnings, the forime.aci<l is reduced forniufdelnjdc (II. d. II. Kenliin 
-inci II. A. .Sisson ‘)- lattcw may he identified liy boiliiij' rajiidly 

h>r a minute 5 c.c. of the; clear lujuid, dexainted after two liours 
aeition. in a good-sized test-tube with 2 c.c. of milk and 7 c.c. of 
hydrochloric acid of sp. gr. 1T2, to every ItM) c.c. of which 0‘2 c.c. 
of a 10 per cent, ferric chloride; solution has been added. In the 
presence of formalelehyde a t'lolei coloration, will ap[)ear. A pre¬ 
liminary test should be made to determine whetlier on the one 
* Chilli. Ziutr., 1U08, 1., p. 1371). 
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hand the milk is free from formaldehyde and, on the other, whether 
it will show the reaction on the addition of a very small quantity 
of formaldehyde. Jjarge quantities of formaldehyde influence or 
jircvent the colour reaction. 

10. With regard to the microcliaiikal dclcclion of formic acid, 
see Uaushofer, p. (18 ; Behren.s, Vol. 4, ji. 21. 

Sec. 144. 

(b) Acetic acid, (JIIj.COOH (Acetate ion. ClIsCOO')- 

1. Act-tic ticid is known in the form of transparent, flaky crystals, 
which melt at -|-l(!'(i'’ to a colourlcs.s liquid with a characteristic 
penetrating odour and a very acid taste (qlacial acetk: aciil). This 
boils at 118T°and volatilisi's in the form of inflanimable vapours, 
which burn with a blue flame and emit a penetrating odour. Acetic 
acid is miscible, with water in all [iroportions. Such mixtures are. 
inaptly called acetic acid. Acetic acid is a veiy weak acid (dis¬ 
sociation constant 1 8,10 l at 2.1') ; its aipieous solutions only 
undergo slight hydrolysis. It may be completely expelled from 
dilute aipieous solutions without difticulty by means of distillation 
in a current of steam. Acetic acid also (li.ssolves in alcohol. It 
is fairly stable towards potassium permanganate both in acid and m 
alkaline solution. 

2. Acetic acid salts (acetates) arc decoiuposed on ignition. The 
alkali salts and other salts with strongly positive metal ions yield 
mainly acetone, Cllj.CO.CIl^, and carbon dioxide, which, according 
to the nature of the metal ions, eoiiibiiies with them to form car¬ 
bonates, or escapes. In the case of salts with weakly basic metal 
ions a large portion of the acetic acid escajics undeconqiosed. The 
residues mainly contain carbon. Nearly all the. acetates are soluble 
in water and dilute alcohol; most of them dissolve readily in water, 
and only a few dissolve with difficulty. The acetates are. dissociated 
to a normal extent in aqueous solutions ; the concentrated solutions 
of alkali salts are appreciably hydrolised and show an alkaline 
reaction towards litmus. On heating acetates with dilute sulphuric 
or phosjihoric acid in a distillation apparatus, free acetic acid is 
obtained in the distillate. 

3. On adding ferric chloride solution to dilute acetic acid and 
almost neutralising the acid with ammonia solution, or on mixing 
the neutralised solution of an acetate with ferric chloride solution, 
the liquid assumes a very dark red colour, which may be attributed 
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to tlie forinatioJi of tke cojn}>lcx cation of a hcxacctofHferric base, 
111 

[(Cll 3 .COO)eFe 3 (OH) 2 ]' (K. F. Weinland and Pk Giissmann i). 
When boiled the solution becomes colourless if acetate is present in 
ex(^ess, wliilst all tlie iron, whether in tlie forni of other complex 
salts or as a basic ferri(5 a(a‘t«ite, is j)recij>itute(l in brownish-yellow 
Hakes. Ammonia solution (>recipi(ates all the non from the red 
solution as hifdroxule ; tlie. red Inpiid becomes yellow on the addition 
of liydrocliloric acid. (Distiiudioii from thiocyanogen ion.) 

4. Solutions of neutral acetates, but not free somewliat dilute 
acetic; achd, give with silrer intrate solalion a crystalline white pre- 
cijutate of silver acetate. (lOOAg, whicli dis.solves with dilliculty 
in cold water (one part in b7'7 jiarts of water at 23' ).- 

It dissolves more; readily in hot water, and when the solution is 
c-ool sc'paratc's in the form of very line c.ry.stais. Ammonia solution 
rc'adjiv dissolves it; free; ac.etic acud does not increase the' solubility 
in watc'r, but free nitric; acid doc‘s. d’lie pivcipitatc- is not reduced 
hy lh(‘ method described for silver formate in Sec. 113, 4. (Dis¬ 
tinction from formate ion ) 

f). Alercaroiis /iilrafe sola!ion. j)roduc(‘s in acetic acid, especially 
if dilute, and still mon* ri'adily in aci'tate solution, a scaly crystalline 
whiti; precijhtati; of iiierenrons (C.II^.GOOiolIg^^ which dis¬ 

solves with dilliculty in the cold (1 part in 133 parts of water at 
12' to If)"}, but easily in excess of the precipitant. 

It dissolves wht'ii heab'd with Avater. and \vh<*n cool is re- 
prei-ipitated m the form of small (aystals. The, mercurous acetate, 
howeviM'. is partially decomjiosed hon'by, mercury separates in 
metallic- form and imparts a grey coloration ti) the [uecipitatc. If 
dilute acelic acid is used for boiling instead of water, the <piantity 
of metallic merc.ury which separates is cxceedingl} small. 

t). Mercuric cllloride when heated with acetic ai;id or tlie solution 
of an acetate does not produce a preeijtitati* of mercurous chloride. 
(Distinction from formu; acid.) 

7. If dilute at-etu; aeid is heated with an (‘.xcess of lead oxide, 
|iart of it dissolves as basic lead acetate, 'I'he liipiid shows an 
ulkaline n^action and dues not form laystals on cooling, 

8. On heating acetates with concentrated sulphuric acid, acetic 
a<;id is evolved, and may be recognised by its juingeiit odour. If 
I he salts are heated with a mixture of approximately <*qual volumes 
cf concentrated sulphuric acid and alcohol, the ethyl estiu- of acetic 

^ Zfilt^ch. anorgnn. 157. 

H. Armstrong and J. Vargas Kyr<‘, Vtum. Zentr., IUI2, I., 1803. 
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acid is evolved, CH 3 .(' 00 ((y Is); its chiiracloristic pleasant odour 
is particularly noticeable wIkui tlic slightly cooled mixture is shaken, 
and conse<tuently scarcely permits of an error, or i\t l(»ast less seldom 
than does th(‘ pungent odour of the free acid. 

b. Solid alkali a(a‘tat(‘s, when heated with about an o<|ual 
quantity of arsenic trioxide in a test-tube, yield a very poisonous 
gas with an excepticmally characteristic; rc'pulsive odour, cacodyl oxide 
(alkarsine, dinicthylarsenic oxide): 

4(’l[:i.C()OKH Asd.);( l((.'Ha).As|,_,()-|-:iK.C();i+2COi. 

The reaction is very sensitive and for the sake; of safety should 
be carried out with small cpiantities. 

10. With regard to Ific 'nncroclieimcal defecllon of acetic acid, 
see Haushofer, p. 7(i ; llchrens, Vol. 4, [>. 24. 

iSec. 145. 

Suwmary and Remarks. 

1. A general te.st for the* acicls of the s<‘cond group is made* by 
adding ferric chloride solution to the acpicoiis solution which has 
been rendered neutral towards litmus. Tf only one organic ac-id or 
its anion is presumed to be jeresent, tlic' result of the' rc'action enables 
conclusions to be drawn at once as to the nature of the acid. A 
desh-coloiired j»ri‘cipitat«^ indicati's Ixmzoic acid, a violet coloration 
salicylic acid, and a reddish-brown coloration formic or acetic acid, 
which may be distinguished from one another by their behaviour 
towards mercuric, cliloride (*S<‘o. 143, (>) or their behaviour when boiled 
with sulpluinc. aidd and ah^ohul (Sec. 144, S). It sliould, of course, 
be noted that the organic acids of the second subdivision of the lirst 
groiij), as also tliiocyanogeu ion, also show a reaction witli ferric 
chloride; the absence of the formin' must, therefore, if noiM’ssar}' 
bo determined liy their bcliaviour towards calcium chloride. The 
absence of thim^yanogen ion may be determined by the fact that 
the rcaidion disappears on the addition of hydrochloric acid. . 

2. If several acids of tlie si'cond group as well as those of the first 
group are to be taken into consideration, the following course may 
be recommended, (u) The formic acid and the acetic acid arc 
first expelled by distillation in a current of steam from the solution ^ 

1 If during acidification any cinmunic, ben/.uic, or salicylic acid is pre¬ 
cipitated (c/. 8cc. 2, p. ‘)I4)» it aJionld he removed by meana of filtration 
before disf illation to prevent its being ( iirried over witli tho steam. Tlio ethereal 
Holulion of tho se[)arated jiortion aliould then be added to the otiiereal extract 
of the iliHtillatioii residue subsequently obtained. 
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(sudicieutly acidified with .sulj)lumc acid and sc dilute that any 
salicylic or benzoic acid present is npt expelled in any considerable 
quantity), and benzoic acid and salicylic acid then extracted from 
the di.stillation residue by shaking it once with an equal volume of 
ether. In tins way any cinnamic acid present is dissolved by tlic 
(jthcr, and mnst tlierefui'e he taken into consideration in the further 
course of tlie, examination. 

(h) The distillate obtained may contain, in addition to formic and 
acetic acids, still higher fatty acids (</. Sec.s. M(i and 147), and also 
volatile mineral acids (li)-drocldorie. acid, nitric acid), if the corre¬ 
sponding anions weri‘ present in the original iiiaterial. Sulphate 
loll may also be reduced to sulphur dio.vidc liv many organic snb- 
slaiK'Cs in the course of the distillation, and will then be jiresent in 
the distillate as sulphurous acid. To avoid this, phosjihorie acid 
.solution may be used iii .such cases instead of sulphuric aeid for 
acidification prior to the distillation. 

The dislillate, is treated with pure sodium carbonate in excess, 
strongly concentrated (when disturliing volatile substances such tis 
aldehyde, etc... will escape), and then suhinitted to further teats. 
When distilling with steam, instead of introducing the .steam charged 
with the volatile substances directly into the condenser, it may be 
allowed to pass through a flask containing calcinin carbonate sus¬ 
pended in water, and finally the liquid containing the calcium 
formate and calcium acetate is filtered from the excess of carbonate 
(II, If incke '). (a) The final detection of formic acid is effected by 

testing the behaviour of the .solution, obtained by either method, towards 
meroni'ic chloride or by reduction to formaldehyde (Sec. 14,'i, G and 9). 
>Sul|ihnrous acid or salicylic acid may have a disturbing influence 
III the first jirocess, the former because it also reduces mercuric, 
chloride, and the latter because with mercuric chloride it gives a 
precijiitate of mercuric-salicylic acid (Sec. 142, S). The latter 
dilliculty may he overcome by adding sodium chloride before the 
reduction, as this retains the mercuric-salic.ylic acid in solution; 
the former by allowing the concentrated ncutrali.sed distillate or 
the filtrate from the calcium carbonate to stand for about 4 hours, 
at the ordinary temperature (before starting the reduction test), 
with about 1 per cent, sodium hyairoxide solution and a few c.c. of 
.'! per cent, hydrogen peroxide; precijiitated mercuric oxide .stirred 
up with water is then added to destroy the excess of hydrogen 


^ ZeiUich. Unters. Nuhr. (Jtnuss.y 21, 1 ; 26, 386. 
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peroxide, and, after lialf an hour, the liquid is filtered (H. Fincke '). 
(jS) The detection of acetic acid in the residue from the evapora¬ 
tion of the neutralised distillate is effected as in Sec. 144, 8. If 
acetic acid is to be detected in the preisence of formic acid, it is 
advisable to eliminate the latter beforehand by oxidation with 
ehroinic acid, whereby water and carbon dioxide are formed, whilst 
the acetic acid is not attacked. 'The not too concentrated nentr.il 
solution is boiled for 10 minutes beneath a reflux condenser wi(h 
r5 times its volume of a solution of 12 grms. of pota.s.sium dicliroinate 
in 30 c.c. of concentrated .sulphuric acid and ItX) c.c. of water, then 
re-distilled in a current of steam, and the distillate tcsti'd for acetic 
acid (D. S. McNair,^ P. Schwarz, and 0. Weber 3). 

(y) The detection of formic acid in substances contdinim) sugar 
cannot be carried out by the method ilescribed, since, in the course 
of distillation in the presence of and, formic acid is formed from 
the sugar (Malaguti^) and will consequentiv be found in the dis¬ 
tillate, even if it was not originally a constituent of the substance 
under examination, Por the purpose of testing for formic, acid, 
liquids containiug sugar should be acidified with suljihuric. acid and 
shaken twice wdth an equal volume of ether, udiicli will dissolve, 
if not all, at least a considerable quantity of the formic acid and 
acetic acid. The combined filtered ethereal e.xtracts are sliaken with 
alkaline water, the latter acidified with sulphuric acid and distilled 
in a current of steam, and the distillate tested for formic acid and 
acetic acid (W. Presenilis and L. Griinhut). Tlie distillation residue 
will contain the acids of the first sub-group, as also cinnamic acid. 

(fi) The ethereal extract of the, distillation residue, obtained by 
the methods described above, will contain any benzoic, acid, salicylic 
acid, and cinnamic acid, and these may be sejiarateil from it by 
means of careful e.va[ioration, either in the form of a solid substance 
or as an aqueous solution by adding water prior to the evaporation. 
The following reactions may serve for the Jinid uUMiJieataiii of the 
isolated acids: Mohlcr’s reaction for benzoic acid (Sec, 141, ff), 
the colour reaction with ferric chloride, for salicylic acid (Sec. 142, 7), 
and precipitation with .solutions of man.ganous salts and oxidation 
to benzaldehyde for cinnamic acid (Sec. 1.39, 3, 7). These reactions, 

I Zeitsch. Unters. Nahr. t/rmi.si,, 21, It. 8eo also Ibid., 22, 94, where 
Fincko gives a survey of the behaviour of nunierous other organic acids 
towards luoreuric chloride. 

* Zeitsch. anal. Chem., 27, 398. 

” Zeitsch. Unters. Nahr. Oenuss., 17, 194. 

* Liebig's Ann. d. Chem., 17, 69. 
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however, are not easy to recognise wlien several of the acids men¬ 
tioned arc present simultaneously. Benzoic acid can only be 
recognised unmistakably in the presence of salicylic acid, and 
cinnamic acid by means of reduction to benzaldehydo (Sec. 141, 8) ; 
in the ])resence of cinnamic, acid, Init in the absence of salicylic, 
acid, the most trustwortliy reaction for benzoic acid is that of Jonescu 
(Sec. 141, 10).1 The best method of dctei'ting salicylic acid in the 
pre.sence of cinnamic acid and benzoic acid is .Millon’s reaction 
(Hec 112,8). 

'I'lie great resistance of benzoic acid towards the oxidising action 
o£ |«it.assium permanganate may be nlilised with advantage for 
the detection of this acid in the presence of salicylic acid, and after 
the salicylic acid has been destroyed by oxidation, the benzoic acid 
iiiav be isolated bv means of sublimation and then identified. 
Furl her directions for this lest have, been givini by E. I’olenake.2 
It. should be noted that any cimianuc acid present will be o.xidised 
to benzoic acid under the conditions of this t.c.st, and will t,hen be 
round ill that form. 

'I'lie reaction for the detection of salicylic a<-id by means of 
lerric chhiride is influenced by the presence of niiiiierons organic 
acids, espeiially hydro.xy acids (Sec, M2, 7); even the small 
ipiantities of lactic, tartaric, and citric acids which, when the liiiuid 
is shaken with ether, are extracted from it, }irodiice uiidi'r certain 
conditions a. yellow colour reaction in.stead of the violet one which 
w.is anticipated (t>. .Langkopf.-t it (harni '•). In all cases in which 
the presence of the acids iiieiitioned has to be taken into considera¬ 
tion, a mixture of eiiiial jiarts of ether and petiolimm spirit of low 
lioiliiig point, should be used, instead of ether, as an extraction solvent 
lor the detection of .salicylic, acid. In the analysis of wine, the 
disturbing influence of tamim is obviated by this method, since it 
Would be extracted to a, coiisidei'able extent by ether, and then would 
give green t.o black colorations with fi'rric chloridi* solutions, if, 
however, in tli(‘ analysis of wine a blackish, bluish-grci'n, or dirty 
green colour should still appear in testing the extraction residue 

' (1. von dcr llaide and .J. .lacoli, Zf tlNrh. anal. C'/iria., 53, inn. \\ ith rcgaril 
to further processus for the separation of benzoic and tinnaiiiic acids, seo 
.4. \V. K. do dong, Clam. Zinir., 11)10, I , 47!) ; for the separation of benzoic 
and aatie.ylie acids, J. 8elmap, Ziatncli. anal. tViel/l., 32, 107. 

* Ze.it.^rh. anal. Chem., 52, 3tK). 

’ Tbid., 42, 457. 

■ Ibid., 47, 781). , , , 

“ D. Vitali, ZtiCrh. aval. Clam., 47, 781. roemiinie.iida lliii u.so of toluene lor 
tlio saino purpose. 
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with fen-id (tliloridc Molutiim, tlie liquid slioidd he treated with a 
few drops of sulphuric acid, diluted with water, and again extracted 
by shaking witli a mixture of ether and petroleum spirit. 

'J'he so-called maltol,^ a substance wliich is found in black malt, 
occasionally also in beer worts and in beer, behaves towards ferric; 
chloride solution in the .same way as .salicylic acid, and dissolves 
simultancou.sly in the last-mentioned extraction solvent. When 
the presence of nialtol is to be takcii into account, the redactions of 
Millon and of dorissen should be used as distinctive tests for the 
identification of salicylic acid (Sec. 142, 8 and tl). 

(c) If the e.xamination extends not only to the acids of the second 
group already dealt with, but also to /u-o/umde. fudi/ri'c, and lactic 
acid’s, the tvMi first .should be looked for in the di.stillate containing 
formic and acetic acid, according to the directions given in iSecs. llti 
and 117. Lactic, acid, on the other hand, will be found almost 
quantitatively m the distillation residue shaken with ether. This 
residue is shaken a second time (this time, however, with only 
half the volume of ether) in order to remove anv further traces of 
cinnamic acid or of the acids of the first, division. If the liquid 
which has thus been shaken is subjected to coiiliiiuons c.rtruciion 
with ether for some hours in a suitable apparatus, lactic acid is 
obtained. If succinic acid and oxalic acid are, present, they mix 
with the lactic, acid : if the e.xtraction is continued too long, malic 
acid, and finally even citric and tartaric acids, pass into the ether 
extract.- 'I’he extract should then be tested for lactic acid as 
described in 8ec. 14!) 

(d) If the analytical examination is to be extended to all the 
organic acids of the first and second firuaps. the anions of the first 
group may first be precipitated from the solution under examination 
in the ]ireaence of amnioninm chloride and aiiinionia by means of 
calcium chloride solution nith the addition of alcohol, and the ]ire- 
cipitate then tested as in 8ec,. IK). If the main quantity of cinnamic 
acid has not ]irevionaly been ]>recipitated with -hydrochloric acid 
considerable ^lortions of the cinnamylate ion remain in solution, 
owing to the solubility of calcium cinnamylate in alcohol, and must 
be taken into consideration in connection with the acids of the second 
group. The filtrate from the precipitated calcium salts is tested for 
these acids (after being evajiorated on the water bath) according to 

* J. Brand, Zeitsch. anal. Chem., 36, 67 ; H. C. Btiermiin and A. Gross, 
Ibid., 52, 121. 

“ N. tSclloorl, Zeiiseh. antjevc Vbem., 13, 3U7. 
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I lie details eiveii in this scetion. .\s a rule, liowovor, it is more con¬ 
venient to test separate ])ortions of the nuxlure under examination 
according to iSei’. 140 for the acids of the tir.st gron|i, and according 
to tins a.H'.tion for the acids of the second group. See also Sec. 170 


Memuhrs of Raker Ocri’RRKNCK of 'iiih Second (iRore op 
Organic Acids 


Sec. 140. 


1. Propionic acid, Cnfls.COOll (Propionate ion. (^llr,.t'00')- 

Pio|iionio acid is formed under vci> varied eondilions, as. for example, 
in fcrinciited liipnds as a feriiicntatioii piodnct of ceitain baclcria. It is 
a colourless liquid with a pciielrating and a .strongly acid taste. This 
liquid is iinscililc with water in all piopoiiions, solidiiics ill a freezing 
mixture, mid then melts at 22”. It iioils at ; ]4()-7”. It is .as weak an 
acid as acidic .acid (dissociation constant 1.1.10“^ at 2.7"). It may ho 
■' salted out ’ from its aqueous solutions by j)lios]ilioric acid or by' ealoiuin 
eliloiiiU- in the form of an oily layer ; it volatilises uiideeomposed, and may 
be I oinpletelv e.xpelled without ddlieiilty in a lairreiit of steam, even from 
its liiiily dilute, aqueous solutions. It is oxidised liy potassium per- 
maiigaiiate in acid solution to acetic acid, and in hot alkaline solution to 
oxalic acid and eaibon dio.xidc (bl. Przewalsky'i). 'L’lie piopioine acid 
snll.s i^projnoii'drs) ale, on the whole, reailily soluble m watei, especially 
the nilniini .salt . sdirr .salt dissolves with dillienity (1 pait in Mil parts 
ot water at 18 ). J’ropioiiate ion behaves like acetate ion towards/crriV: 
inn , the ju’opion.ates give a reaction with <tr.scnic Irnuidc similar to the 
e.aeoilylic reaction (Sec. 144, 9). J'’or the miciochenncal detection, see 
Hehri-ns, Vhil. 4, p. 27. 

Sec. 147. 


2. Normal Butyric acid (M-Btityrato ion. ('itny.t.'Oty). 

Xoniiitt hnli/nr. ocu/ in found iti ji few fats (cow s huttor), and also in 
animal and vogctablt; Hidistanees, hut osiM'cially in tiu' ftMtnnntalion 
prudufts ut certain specilic bacteria (butyric acid baeteiia). It is a colour* 
less lifiuid with an unjileasant- rancid odour wlu'ii liiliite. aiui an odoui 
similar to tliat of acetic acid when pur(‘. It solidiiics in llaUcs at 10 , 
.111.1 melts at -7-!V\ It boils at i lOd'.V. itssticngtli is similar to that 
ol arctic acid (dissociation constant 1.5.10 ^ at 25'^). ft is miscible with 
water, alcohol, and ctlicr in all pioportions. Like juopionic acid it may be 
salted out" from its afiueous solutions by means of calcium chloride 
its an oily layer ; it volatilises uiideeomposed, and may l>e completely 


* J. prakt. Chcni.t N. F., 88, 5(X). 
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cxpfUod without diliioulty from dilute aqu<*ous solutions in a current ot 
sU'am. It behaves like propionic acid towards potassium permanganate, 
except that in its oxidation in alkaline solution propionic acid is formed 
in additioii to oxalic acid (K. Pj-zewalsky). ilost of the normal hutyrir 
sails {ii-hutI/rates) arc also solubk; in water, esi)ccially the calcium salt. 
'I’he latter dissolves with more dilKiculty in hot than in cold water (100 jiarts 
of wat(“r dissolve 10*8 jiarts of salt containing wat(‘r of (Tystallisation at 
lo"^; 10*5 parts at ; and 17’1 parts at 100“^ ((). Hecht ^), so that a 
cold saturated solution heeonies turbid on boiling, and clear again \\li(!n 
ooolcsl. The silv(‘r salt dissolves with difficulty (I pait in 200 jiarts of 
water at 14'^). Butyrate ion behaves in a similar manner to acetate ion 
towards mercurous mfrale. {or chloride) sohdion (Sec. 144, h). On thti 
addition oi feme chloride solution to the solution of an alkali butyrate, 
a yellowish-brown precipitate. W'hich is bright rerl in the case of con¬ 
centrated solutions, is fornu'd, its separation being acei'h'iated by heating 
or shaking. Free Imtvrie acid does not give a precipitate with fenie salts. 
For the inierochemieal dideetion, see Behrens, Vol. 4, ]>. 28. 


.Sec. 14H. 

SanDiKinj ami Remarks on Rarer (hijanie, Acids. 

The certain detertion of tliesi* and other higher fatty acids is hardly 
possible within the limits of the ordinary eheniieal-aiialytieal methods, 
especially by means of pii'cipitation reactions, and as a lule fin 1 her metlaals 
have to be borrowed from tlie technique of organic chemistry. According 
to E. Duelaux - a differentiation in ])ure aqueous solutions may bo basi'd 
on the relative proportion of the acidity of the individual fractions to one 
another obtained by fnietional distillation. As a method of distinction 
H. Agulhon ^ makes use of the boliaviour of a solution of the sodium salts, 
treated with eiiprio sulphate solution, towards various organic extraction 
agents, i.e. the colours whi<4i the latter assume. 

For tlie sepai'atiun of indiviilual fatty acids fiom one another the 
processes of fractional distillation, fractional £)ri‘ei])itatioii, and fractional 
crystallisation, in snitahle combination with I'aeh olhei-, are usually em¬ 
ployed, but froquenlly Hk; quantitative analysis of the silver salts is used 
as well. By su<4i methods, for <‘xample, Soberer '' testial the mineral 
springs at Bad Briiekonau, and R. Freseniu.s '' the sulphur spring at 
Weilbaeli, for the fatty acid anions present in them. 

E. Limiemann described the following 2 >roeesa for the separation of 
jiropiionie acid from acetic and formic acid. If a mixture of these three 

* Liebig's Ann. d. C'hein., 213, 72. 

2 Ann. de chim. et phys., ;> ser., 2, 289 ; Ann. dt I'lnstilut VaHievrt 9, 2hr>. 
CJ. also A. Stem, J. prakt. Chem., N. F., 88, 83. 

^ Chem. Zentr., 1013, If., 80. 

^ Liehu/s Ann. d. Chern., 99, 262, 207, and 279. 

^ J. prakt. Chem., 70, 1.7. 

« Lubig's Ann. d. Chem., 160, 223. 
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acids is ovaporaUid to dryness with water and excess of lead oxide, cold 
water will extract from the residue practically only a basic Iciul propionate, 
which, on heatmg the filtered solution, is preeipitated in the form of crystals, 
with the composition (tfjlf.jCOOlnPb,!),. .J. Schutz ‘ jxiints out that in 
such a process uniler certain conditions the gri'iiter portion of the acids 
must escape during evaporation with leail oxide, oumg to hydrolytic 
dissociation of the lead salts, and consequently he lost. 

Sec. 149. 

3 . Lactic acid, Cn3.CH(0iI).C()0n (Lactate nm, t'Jl4(01I).C00'). 

Luetic acid - {a-liydroxijliropiotiie, aeid^ eihylidine luetic ucid) is known 
in three stcrcoisomcric forms : d-laetie acid or paralactic acid (e.ij. as 
contained in the fluid of the muscular ti.ssnc), /-lactic acid, and “ racemic,” 
inactive (d l-/)-lactic acid. The last is the .so-called urdiiiuri/ in j'ermeiilatiiiii. 
laette acid ; it is produced hy fermenting sugars with s|)eeilic bacteria, 
and IS found in sour milk, .sauerkraut, sour hay, and in hi'cr. It is iircseut 
III wine as the product ot bacterial decomposition of iiialie acid. The three 
foiiiis are distingiiislied from one another only liy their optical behaviour 
and by the solubility of some of their salts ; their reaefioiis arc the same. 
The structurally isomeric elliijtnie luetic acid {pdii/ilrv.ryprojiiunie ueid), 
(:H.( 011 ).f:H 2 .(.'l) 0 ll, is quite dillcrent from them. 

I.acfic acid is a sviu]), which dissolves with difficulty in ether, and ia 
niisi'ihic with water and alcohol in any proportion ; it does not .solidify 
ill: 24 ’, and only boils without decomposition at a veiy ledneed pressure. 

It volatilises with steam only slightly m dilute .solutions, but to a gieater 
e.xfeiit III solutions concentrated to the consistency ol syrup. It- is a sonic- 
wliat stronger acid than succinic acid and acetic .ii id (dissocialion con¬ 
stant l.lU.io-'* at 25 ). It can be extracted only to a comiiaratively 
slight degree from its aqueous solutions by shaking with ether, but, on the 
other hand, may he almost completely cxpclleil without difticiilty by means 
of continuous extraction with ether. When licateil at MG’, or when 
allowed to stand in the cold, and also when ke]it for some time in iwpioous 
solution, lactic acid <■hanges more or less into luelie unhydude (dilactihc 
acid), ('llj.Cll(011).(.'IK).(Tl(('ll J.COOH, and into taelide : 
ril^tlH.dO.O 

■| I 

O . (X). CH.CHj 

Ii is, tlicrcforc, necessary analytical detection nf lactic acid in not 

qnito frc.sh solutions to ic-convert these compounds into lactate ion by 
boiling them with an exei^ss of alkali. In the oxidation of lactic acid \sith 
nitric acid, oxalic acid is formed ; with cJiromic acid, acetic acid is obtained ; 

‘ ZviLsch. anal. Cheni., 39, IH. 

- Lactic acid floes xuit really bfdong to tlin “ rarer" aculs in the libTa) sense 
f'f the heading to Sec. ItU. It*is dealt with luuc. houf'Vf-r, for didactic reasons, 
owing to the insullicieney of its aiialytical-elu'UiKTil characteristics. 
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with potassium permanganate in acid solution, acetaldehyde; in neutral 
solution, pyrotartaric acid; and in alkaline solution, oxalic acid. 

2. Moat of the laclic ocaO {lactcUi-H) are soluble in watei- to an appre- 
ciabic extent; only the hade damionn 

is practically inHuluble, and on mixing an acid stannous chloride solution 
with sodium lactate solution Ls precipitated as a cvystalliue white powder 
(H, Engelhardt and K. Maddrcll '). 

3. On treating a solution of O'l grrn. of phenol in 30 c.c. of waU'r with 
one drop of feiric chloride solution, and adding a solution containing 
lactic a(‘id, the line blue colour of th(‘ reaginit will change to yellow 
(Utfelinann -). The I’caction dejiends possibly on the formation of a 
coloured hexalactotriferric base ((,*. (’alcagiu‘‘I. Oxalic;, tartaric, citric, 
malic, and formic acids give similar reactions; the reaction is intlueiiced 
by free hydrochloric acid, [ihosjihoric acid, <‘arl)onic acid, fatty acids, and 
salicylic acid, and is maskeil hy thiocyanogen ion. 'IMie reaction hi^comc^^ 
more distinct if Uirdmann's ainothyst-hluc reagent is first shaki'ii with 
ether. By this moans it is decolorised ; on I he addition of the sinallesl. 
quantity of lactic acid the yellow coloiation appears (H. j-'iith and 
G. Lockcmaim '*). In this process phenol does not lake ])ait in tlie actual 
reaction ; the yellow eoloi’ation is therefore also obtained when hudie acid 
or lactate solutions arc added to a fenie chloride solution freshly diluted 
until practically colourless (Boas ■'), or w hen a sali(;ylic acid ferric ehloriih; 
solution is used instead of tin* phenol ferri<- ehlonde solution (H. Kiihl 

4. On heating 5 c.c. of lactic acid (dissolved in 10 c.e. of wati'i) oi a 

corresponding quantitv of a lactic acid oi lactate solution with 5 c.c. of 
concentrated sulphuiu* a<ad in a small distillation tlask. it is decomposed into 
acetaldehyde and formic acid : '11(011).('OOH ll.GOOJl. 

The former may be iletccted iii the di.stillate by means of aiiiUiomai-ul 
silver solution, the latter by mercuric chloride solution (See. 143, (i) 
(T. Gigli). A ])rocess depending on the colour reactions of the aectaldciiyclc 
formed has been described by G. Deniges.’ 

5. On rendering /> c.c. of a weak lactic acid or lactate solution strongly 
alkaline with sodium hydroxide solution of about lO per cent, strength, 
boiling it for a few minutes and, after removing the )lam«N adding I ie 2 c.c. 
of a reagent which is prepaicd by adding fi grins, of nietliylaminc ^ to Uh' 
filtered solution of 1 grm. of iodiiu; ni oO c.c. of I [icr cent. |>ota.ssiuiii 
iodide solution, a very distinct repulsive odour of isonitrilc Will soon be 
produced. The reaction is very sensitive ; it depends on tin; fact that tin; 
lactate ion is first converted by iodine into formate ion and iodoform, and 

* Liebufi^ Ann. d. (Jlion., 63, 37. 

* P/mrm. Zenlmlh., 28, •'>82. 

® Chem. Zentr., 1013, 11., I I'lT. 

Ibid., 1900, 1., 1402. 

^ Pharm. Zentralh., 29, 323. 

® Zeitsch. anal. Chem., 50. 55, 590. 

’ Ihid., 189. 

“ 'rhe reagent should bo kept in u blue botth; with a ground-in stopper and 
protootod from the light. 
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then the latter by the methyiamino into nicthylisonitrilc (aiothyk;ai- 
bylamine): 

1. CH3.CH(0H).C00' 1-40H' b3l2-2H.COO' fSF ! CHlj ;-3HX) 

2. CHl3+3()H'+CH3.NH2-3I' 1 CH3.NC f 3H2(). 

Many substances wliich also yield iodoform, and consequently might 
be confused with lactic acid, (!an be removed by means of distillation bi'fore 
starting the reaction (A. Cii. Vournasos ’). 

W. <.’roner and W. Cronlieim - icqilacc the incthylamine in this test by 
aniline, so that linally instead of incthylcarbylaminc, phcnylcarbylaminc, 
which has an equally repulsive odour, is formeil. 

(>. With I'cgard to the microchemi(%‘d detection, rf. Behrens, Vol. 4, p. 45. 

7. The analytical detection of lactu; acid is remleri'd considerably 
more ditlicult by the fact that not one of the rcaclions mentioned is really 
specific. To detect lactic acid with cei-tainly. it must always be isolated 
os an individual suh/ilaitcc and idciititied l>^ (jinuiHtutim nusLhods. t?uch a 
jiroi'cdurc is, however, of iioiu'sc only possible if tlic quantities of lactie 
acid in question are not too small. Tlur separation is hi'st based on tho 
special degree of its solubility in ether, and on the fact that hariuin lactate, 
in contrast for instance to barium succinate and Iiaiium oxalate, is soluble 
in strong alcohol; fhe idontilication is then based on the properties of the 
zinc .salt. T’he solution to be tested for lactic acirl should tlicrefoie, lirst 
bo aciditied with sulphuric acid and any readily volatile acids jiresent dis¬ 
tilled from it in a current of steam, the readily soluble acids in it then shaken 
with a comparatively small quantity of other, and linally the laclic acid 
extracted by (‘thcr. The ethereal <*xtract obtained is evaporated m the 
pi'csenei^ of water with repeated shaking at a gentle beat, and the residual 
aqueous soluti<jn neutralised b> means of banum hydroxule. Any excess 
of barium ion is precipit^it^'d by tin* introduction of rarboii dioxide into 
the boiling liqiiiil. 'I’he solution of baiium salts is coneentrated and trcati'd 
with three times its volume of strong alcohol (siqiaration Iroin oxalic acul 
and succinic acid). The liquid is tiltercd, the alcohol evaporated from the 
Hltratc, tho residua! barium laotatc' d(‘compi>sed with sulphinic acid, and 
the extraction with ether repeated. 3'hc extract is again evaporated with 
wal('i. Under certain conditions the proc<*ss may be simphlicd; for 
instance, it may be possible to begin with tlu? preparation (>f the barium 
salt, or, on the otliei hand, the tirst extraction maysulhce. 'I'Ih' solution 
'•oiitaiuing the lactic acid linally obtained is boilcxl with zinc carbonate 
Ix'iK'ath a reflux condenser and the zme lactate ohtaiiu'd by crystallisation, 
and then (piantitatively analysed, 'flic ])ropertlcs of tlu' zinc salt afford 
a moans of diMiwjm.'^lnng biiwcpn fcnncvtatiort laiiic aci<l <nnl ixirn-lariic 
acid (rf-lactic acid). The zinc; salt of the fermentation laidic; acid crystal¬ 
lises with three molecules of water of crystallisation, {(‘3ll6();,)>Zn-l-3H30, 
and dissolves in 53 parts of water at 16® ; that of i»ara-]actic acid crystallises 
with 2 molecules of water (C3H50a).2Zn-l-2H2t), and dissolves in 17'5 parts 
of water at 14° to 15°. 

* ZciUicfi. angeic. C/icm., 16, 172. * Ohe7fi Zentr., 1U05, 11., 988. 



PAliT II 

SYSTJaiATlG COUllSE OF QUALITATIVE CHEMICAL 
ANALYSIS 

INTKOUUCTION 

WuKiS tlio kiiowlcdgo olit.aiiicd by l.lic study of tlu; roactious of 
cations and annins is to Ih' aiiplied to the task of invcsligating tile 
nature and composition of unknown substances, it is possible, ni 
the case of a substance which is apparently from its external 
properties a simjile individual one (as, for example, calc sj)ar or 
copper sulphate), to confirm the observation by a few reactions 
whether the suFstance is, in fact, what it was taken to be. But 
since in most cases the nature of substances cannot be recognised 
by their mere apj)earancc, and there is seldom, therefore, certainty 
that an individual substance is present, it is generally necessary to 
make use of a systematic t:ourse. That js to say, it is necessary 
to adopt a dcfiniti! plan of applying t.he I’eaetions in an approj)riate 
sequence, in order that there may be certainty of discovering all 
substances which arc present or may possibly be present. 

If, in the hope of arriving imjre rapidly at a conclusion, one, 
departs fi'om tins systematic course, analjvsis. instead of bi'ing an 
investigation based upon a scientific foiiiidiitioii and leading to cer- 
taiii ciiiiclusioiis, becomes mere guesswoi'k, in which one friiqucntly 
goes astray, on which much iiiore time is speiit than in the .systeniiitic 
process, and in which there is no certainty that some .substance or 
other has not been entirely overlooked or confused with another 
throiigh the false mterjiretation of reactions. 

Obviously the known reactions of individiial substances may be 
used in combination in ditferiint waj's in a systiiiiiatic process, and 
according to the conditions the preference- may be given sometiines 
to one and souietimes to the other, in order to iuake the beginner 
coiiversant with the nature of the whole method of .systematic 
qualitative analysis. 
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(n practice it is ncoesaaiy, in order to avoid the risk of overlook¬ 
ing some substance or other, to follow the systematic course 2 )oint 
by point and not to omit any parts of it arbitrarily, unless the 
process itself indicates that thi^y need not be used in a ])artieular 
ease. E-yperience will show how to jirocced in testing a.ssoeiatcd 
compounds or mixtures for individual substances or groufis of 
substances, or how, in such eases, the jirocc.ss may bo, shortened. 

A description of analytical jiroci^sses enlaiis so nianv details, 
it no essential points arc to be omitted, espccialh- in tlu' case of 
as.sociated compounds, that it is ca.sy to lose sialit of tlie general 
outline. On the other hand, it is obviously iiece.s.sary for intelligent 
work that the principle uuderbing the proce.ss, and the reasons 
why |jarticular reagents are used and used in the older given, should 
be made clear. Jlcnce. in the .separate stages of the process we have 
generally ii'rcli.xed thi' di'tailed dcseiiption by an explanation of the 
liindamental jirinciplcs of the )iroccss. In the case of associated 
ciim]iounds we have added to this I'xjilanation in everv instance a 
tabular summary (for the cations), but give an cxpre.ss warning 
against an attcmjif to substitute this for the thorough descri]ition 
in pr.iclical work. 

It IS ficipiently possible to conclude from external conditions 
that the groiiji of substances to be taken into consideration is only 
a limited one, or that the jirescju'e of certain siibstanci's will render 
the general course more dillicult to carry out, or make it inadvisable. 
In such ca.scs it is c.xpediciit to alter the idurse accordingly. Under 
other conilitioiis, as e g, in tlu* presence of coloniing. gelatinons, or 
iiisolnlile organic suhstaiiees, the general loni.se, of aiiahsis cannot 
always be directly applied, but tlicrc must lirst be a preliminary 
treatiiiciit to destroy or remove the, distiirinng .substances. 

Ill order to give a comprehensive survey and to accustom tiie 
hcglnner to a delliiite method of working, a course of s\ .slematic 
analysis whicJi iias been testisl bv (‘xperieiicc is given in the first 
chapter of this second iiart. This is restricted to the e.atioiis and 
anions of more fre(|iient oeeurrence, tlie reactions of wliicli liave 
heeii described at length in the first |iart of this hook.i It is so 
arranged ttiat, with accurate observation the end iiia\- lie olitaiiied 
rapidly and certainly. The outline has been so chosen that the 
essential |ioiiits to be observed in carrying out analyses, and those 
whii’ii must he taken into eonsideration to a.void errors, have, been 

* t'or other processes or for atlemtioTi.s in this etuir.se in flic r.o.so of rare 
■siili.stances, reference may tie niatti to liio tliird (■tiajiter of tins part. 
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given in detail. Further explanatory notes and observations are given 
in the third chapter, so as not to interfere with the general survey. 
In all cases where difficulties occur, or in which the reactions observed 
do not ag^ with the anticipated results, it is advisable always to 
refer to the corrc.sponding places of this part of the book. In fact, 
we recommend that only when the course has become familiar through 
practice in numerous analy.ses, and a comprehensive grasp been 
obtained, should atlention be given to these supplementary notes. 

The first cha])ter is divided into the following parts ;— 

1. Preliminary examination. 

2. .Solution. 

3. Actual examination. 

The last is further subdivided into the oxamin.ation of simple com¬ 
pounds, in which only one cation and one anion arc present, and 
that of associated <'ompounds, r.c. of such substances (mixtures or 
compoutuls) in which .all the cations and anions dealt with in this 
course jnay be assumed to be present. 

'The course relating to “ simple compounds ” is, strictly .speaking, 
only of value as an introduction to the study of the subject, because 
in all practical cases it is never possible to be certain that several 
cations or anions are not present. It is, however, particularly useful 
for the jmrpose of gaining experience, ns the c.mditions in connection 
with it arc more simple. 

In order to give data how to proceed in cases such as one of the 
three special instances mentioned on p. lAh, some of the more iiii- 
jiortaut examples of fre(|uent occurrence are given in the second 
chapter, and the, methods to be used in their analysis arc described 
in detail. 

Finallv, the third chapter has for its object the further explanation 
and amplification of the entire systematic proccs.s. These include— 

1. Sj>ceial notes and additions to the process given in the first 
and second chapters. 

2. Directions inserted in smaller type how to alter or re-construct 
the process of analysis when it is necessary to take into consideration 
the presence of rare substances. 

3. Outlines of analytical processes based upon other principles, 
either that another group classification is adopted from the first, 
or that only individual groups of substances are separated in another 
manner. In the case of these other analytical processes, it ha? 
obviously not been possible to deal with the details of the process 
as fully as in Chapters I. and II. 



CJIAPTKU i. 

PlMCTlCAL MkTUODS of TIIR TrENEKAJ. CoUFSK. 

1. Vreltminary Examination.^ 

In tho first ])laco iho (‘xtornal (‘fiaractoristirs of the substance 1.2 
})(“r('r“[)lil)lo to the sciisos arc not(H] : colour, form, iumlncss, densitv, 
odour, (dc.. since it is often possible to <Iraw conclusions fjoin tbese. 

H<-fon! goiiif^ further, it is advisabli' to take into account what 
ijiiantitv of 1 ho sidistance und(“r examination is availalile, so as to 
decide from the first what amount can be s[)ared for tlie jireliminary 
ex-amination. Reasonable economy is necessary, even if large 
quantities are available ; but the rule must be made, invariably 
to use only a portion of the snlislaneo bn* the (‘xamination, and to 
keep anotlier ]K)rtion in reserve, ev(m though a small one, for un- 
too'seen emergem ies and for eonfirmatoiy tests. 


A. Tue 8unsTAN< k under Examination is a .Solid. 

Sec. 150. 

1. It is neither in the torm o£ a metal nor o! an alloy. 

(jmcral Si/rrey. 

The preliminary examination in this ca.se consists in : 1. Finely 
powdering the substance under examination if necessary. 2. Deter- 
tmning its behaviour when heated in an ignition tiilx*, in which pro¬ 
cess all pos.sibilitios from (a) to (//) are to be taken into consideration. 
5 Th(‘ ])henomena on heating it in the reducing llamc (r/) to (c) 
and the flame coloration, if any. 4. These llamc cidorations are 
studied ly means of fusion with pliospliaie beads. 

.Since tlie substance under examination maybe mi.xed with dilTereut 

^ Cf. Iho remarks m the tliird ohaplor of the second part. Nos. 1 to 5 

" Tho numbers placed m the margin are intended to facilitate reference 
from one part of the course to anotlier. 

647 
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kinds of sul)stanccs, it is not always possible in the tests described 
below to give sharply-defined instances. If, in the experiments 
phenomena appear which are due to a conihination of two or more 
circuinsta^ios, the conclusions to h(^ drawn must naturally |)o 
udjiistod, 

ProrcNS in drldil. 

2. I. If tlio siilistaiKP is iu I Ik* form of powder nr finely crystalline, it 

is suitable for examination; but if it is lar^^er crystals or in 
lumps, a portion of it must bo finely ])ulverised, if possihlo. 
In the case of softer substances tins can he done in a. porc<‘lain 
mortar ; but liarder substancf's are brolom into smaller piec<‘s 
in a steel mortar or on an anvil, and then j'rouml m an a^ati' 
mortar. 

3. 2. A situdi porhon of the poirdcr is l/rolcd in <i sntaJ! fiJnss hdir 7 cid. 

lorifj and o nnn. tcid<\ ir/ncli is fused af one end or has a small Indh 
Idou'Ti u])on it. (Under certain conditions this may be done 
u]K)n a cnicilile lid or in a small basin, s(‘e ('imp. ilf., No. 3 i). 
This should lie done moderately at first, subsecpumtly stron^fiy 
in a "as flame.- The n'sultiii" ]>henoinena enable many con- 
cbisions to ])(‘ drawn with certainty, and others with pvobaluht v 
as to the imtnrf' of tli(‘ siih.stance. d’hose to which tin* in’mcipnl 
attentifin has to \>o "iven arc "roupc'd together umler tlic follow- 
in" headin"s, scvf'ral of which frefjuently rider to the same 
substance. 

{a) The sahsfance remains unehumjed No organic substances, 
no salts containiii" water, no readily-fusible sulistanees, 
no Volatile suhstaaici's (with the excejition of carbon 
dioxiile. (‘arbonate ion, since a jierceptible alteration 
often takes place when the "as (*scapes), are present. 

4. {!>) The sahslance ehaia/es eolour without melfem/ af a modeiah' 

heal A chanjii* from white to yellow, becoming white 
again on cooling, indicati's zine oxide or zinc salts ; from 
wiiitc to yi'llowisli-brown, becoming dirty ])al(5 yellow 
on cooling, indicates tin oxide or tin salts ; from white or 

' In ri'fiTiing to the marginal numbers of the iliird cliaptiT, the prelix 
“ No.” IS always usc'd. 

2 Cf. See. f;i and See. 10. 

* Tlio significaneo of tlio ehangc of colour needs earn in its iuterjiretation ; 
thus the abaonec' of a metal must not he inferred from the aliaeiiee of an altera¬ 
tion of colour, since altliough its salts may sliow the jiaiiu-nlar change of eolour, 
it depends upon the anion present w'hether or no it occurs; for example, lend 
Hulphato remains uaehanged on heating. 



SEC. ]50 


PRELIMINARY EXAMINATION 


540 


mldisli-yellow to brown-red, becioinin^ yellow on coolin", 
fusible at rod heat, indicates (cad oxide or h-od salts ; from 
white, or ])ale yellow to orani^e-yellow or nnl-j^rown, Ixi- 
coining pale yellow on (^ooiin^, fusible at stronj^red heat, 
indicates b(S)nulh ojude or his'inuth salts; I'roin white or 
yi^llowish-white to dark brow n, reniainuij^ dark brown on 
coohni', indicates 'inaiiijaaoas oxide or naDKianoiis salts; 
lliese last colours beconiinjf. as a rule, iiiiiit i•e(^dJ^h-bl'o\Ml 
on cooliiifi, indicate eadmttna oxide or cadaiiam salts; 
from light blue or light greiui into black, with the siniuh 
laneous liberation ol wat(;r. indicates eajuie hifdroxide or 
earhofiaie. and also the corres^ionding aielel eompoatids ; 
Jroiii gieyj.sh-wliite to black iii<licat(‘S /eirous eaihonafe; 
from brown-red to black. IxM.-oming biown-red again on 
cooling, indicates/r;//r o.nde ; from vellnw to dark orange, 
hi.sibki at a strong lieal. indicates pofassia'in ehromate; 
Irom hglit j(‘(l to daik red and tlnm violet-black. biMtoming 
hglit red again on < <>oling, and \ ielding a sublimate of 
mercury on stnmger ignition. indicat«“s menarie oxide: 
from light red to bi’own. <-oohng to light reil. indicates 
/■Cl/ lecnL which, wlieii strongly heated, yields a yi'llow' fusible 
i(‘sidu(‘ of lea<] oxide, I'tc 

(c) T/ie sabstaace i/iells leitliout euntthaj leater vapo,if. Jf, on 5 . 
stronger heating, a gas («»xygen) is evolved and a fragment 
of charcoal, tliHAsn into it. hums with violence, the pre¬ 
sence of nitrate or eldorafc is indicat'd. 

('/) Water eseajH’s and eotideiises m the tidder p<ut oj the tube. 6. 
'J'liis indnaites (I) Substanees voiitaiMuaf /rater of crijstallisa- 
fuiti {many of these melt readily and solidify again after 
the escape of the waiter; many swell up considerably on 
liberation of the water, e.jf borax, alum) ; {'2) Salts con¬ 
taining decomposable perhijdrates, hydtoxides, or hydrates 
(the substances often do not melt); (.5) Aidiydrou.s salts, 
betw'een the lanudke of whic.h waiter is oieehanically enclosed 
(the siilistances d<‘crcpitat(‘) ; (4) Sid)stan(‘,es to which 

external moisture is attached ; or (5) Ammoniuni salls> 
whie/i are. decomposed with, the formation of water, e y. 
aininoniuin nitrate, in the decomposition of wlmdi nitrous 
oxide gas is simultaneously evolveil (ignites a glowing 
match). The drops of w'atcr c.ondeiiscd in the tube are 
tested as to their reaction. If this is alkaline, aninionium 
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ion is indicated; if acid, tlie anion of a volatile acid 
(sulphuric acid, sulphurous acid, hydrofluoric acid, hydro¬ 
chloric, hydrobroinic, or hydriodic acid, acetic acid, etc.). 

7. (<’) The substance decrepitates or decnnqmses loithoid iiberulion 

of water. This jioints to the presence of certain auln'drous 
minerals which have this property, e.g. heavy spar, zinc 
blende, lead glance, .spathic iron ore, pluinbocalcite, etc. 
if) Gases or vapours are evolved. A note is taken whether tliey 
have a colour, odour, acid or alkaline reaction, or are 
combustible, etc. 

(««) Oxygen irjdicates oxides or ‘‘ noble ” metals, [leroxides, 
p(U-salts, chlorates, nitrates. A glowing match js 
I’ckindlcd in the current of thi! gas (see also 5). 

(hi) Sulphur dioxide. Tliis is produced in th<‘ <lecomposi- 
tion of sulphites of heavy metals, and also of many 
sulphates, as well as in the ignition of mixtures ol 
sulphides with sulphates. It may be recognised b) 
its odour and acid reaction. 

(cc) Nitrogen Irioxide or tetroxide derived from the decoin- 
])ositiun of nitrites or nitrates, especially tho.se of the 
heavy metals. 'They may be recognised by their 
brownish-red colour and the odour of their vapours. 
(dd) Carbon dioxide points to the jjresence of carbonates 
decomposed on heating, or to the oxalates of reducible 
metals, e.g. <’U]ii'ic oxalate. 'The gas is colourlcs.s 
udourle.ss, and iion-conibu.stible. Adro|) of lime water 
ex[iosed to a current of the, gas on a glass rod or clock 
glass becomes turbid. 

(ee) Carbon nionoxidc points to the jireseuce of oxalates or 
also of formates. 'The gas burn.s with a blue llanie. 
If carbon dioxide is mixed with it. as, for example, 
when magnesium oxalate or formates of easily re¬ 
ducible metals are present, it is dilticult to ignite. 
In the case of formates, there is often lainsiderable 
carbonisation. Oxalates, when mixed on a clock 
glass with manganese dioxide (free from carbonate), 
a little water and concentrated sulphuric acid, evfilve 
carbon dioxide, whereas this is not the case with 
formates. 

iff) Chlorine, bromine, or iodine indicates the jiresence of 
chlorides, bromides, or iodides, decomposable with the 
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liberation of the lialojicns. The gases may be readily 
recognised by their colour (yellowish-green, brownish- 
red, violet) and their odoitr.H ; a black sublimate is 
formed if any con.sidcrable ijuautity of iodine is liberated 
(c/. 9). 

to) Oi/aiioiii’n and Iniilroijen cijithidf indicate, the presence 
of cyanogen compounds, which arc decomposed on 
heating ^ {c.g. mercuric! cyanide, i’rns.sian blue). Both 
may be recognised by their odoins, and cyanogen, 
when it is fairly jiure, by the fact that it burn.s with 
a carmine red llamo - (<;/' also ISec. 1.51. .‘l.'l, g). 

{/lit) llgdriigcii sulphide jioint.s to the presence of hydrated 
sulphides (also of thiosulphates). It is readily recog¬ 
nised by it.s odour. 

[n) AnunittiKt may be derived from the dccomiiosition of 
ammonium salts, or also of hydrated cyanogen com¬ 
pounds or nitrogenous organic substances, m which 
last case' darkening or carbonisation occurs, whilst, 
as a rule, malodorous coinlmstible oils also escape 
with the ammonia. 

(/,/,) llgditiearliuiis and iilltei- gaseous organic tviiipounds 
indicate the ])rcsence of organic subst.incies, i.e. in the 
case of those compounds which arc* being dealt with 
here,'* urgaiuc acids or their salts. 'I'he gases usually 
ha.ve an ernpyreiimatic odour and generally burn 
with a lummous llame {ef. 10). 

(-/) A sublimate is formed ^ {cf. Chap. 111., JN'o. 2, last paragraph). 9. 

The presence of volatile substances is iiuUcated. 

The following are of more frcfpioiit occuiTence :— 

(aa) Sulphur, from mixtures or metal sul[>liides. Itcddish- 
brown <.lrops ; when cold, yellow or yellowi.sli-browii 
solid. 

{hh) loiltue, from mixtures, many iodiiies. iodic acid, etc. 
Vapour violet; sublimate black ; iodim* odour. 

(cc) Amino'uuuu sailed. White sublimates Heated with 
sodium carbonate, and a droji of water, evolve 
ammonia. 

' Cf. also Chap. HI., No. 2, last juioi^rajih. 

^ It may be noUat hero tliat jnsulublo cyaiK*gou (■oltlpuului^^ arc i;.\amiuocl 
by a special niotlioU (See. 180). 

“ Cf. Chap. HL, No. 3. 

‘ See yec. I -t 



552 PIUCTfCAL 31ETH0DS OF GENERAL COURSE ch. i 


(<ld) Mrrctiri/ and its c(iin])ounds, Mctallio mercury forms 
minute {jlobules ; nierc.nric sulphide is black, becoming 
red when heated; mercuric chloride, melts before 
Volatilising, emits dense vapours, and forms a white 
sublimate ; merenrous chloride sublimes without 
previously melting, to form a, sublimate which is 
yellow while hot and white Avhen cold ; reil mercuric 
iodide yields a t'cllow sublimate. 

(it) jlmiiir ami its compounds. McUdlic urscnic forms 
the well-known niiiror ; ummic liioxidi' yields lustrous, 
minute crystals ; the nyljdiidfs of ursfnic form sub¬ 
limates which are reddisli-yelhnv while hot, and yellow 
or yellow ish-red when cold. 

UI) AiiIiiih))ii/ Irio.iidr melts to form a yellow lii[iiid before 
subliming. The sublimate l olisists of lustrous needles. 
(.'/.'/) Lend cldoridr melts to a yellow liipiid before lorming 
a sublimate. The sublimate is while, and volatilrscs 
with dilllciilty. 

(///() Btuzuic acid, menme acid, cniiiamic arid form white 
crystalline sublimates ; the acids jirepared from gum 
benzoin, or amber, are not <|uite jmre ; they may be 
recognised by the odour of the vajiours. 

(n) Salicj/hc, and, gives a white, crystalline sublimate. 
When rapidly and strongly heated an odour of phenol 
is jiroduced. 

(kk) Oxuhc acid gives a wdiite, crystalline sublimate ; when 
heated m a small tube it jirodnces den.se va[iours 
which have an irritating action U])om the throat. 
On heating a small quantity with a dro]) of concen¬ 
trated sulphuric aiid on jilatmum foil, an abundant 
evolution of gas is jiroduced. 

(h) Carhmiisalion occurs. 'This indicates organic substances i 
Pombustible gases, usually with an einjiyrimmatic odour 
(in the case of acetates, acetic acid, or acetone), and water 
are also always jiroduced, the latter having an acid or 
alkaline reaction. 'J’arrv jiroducts of distillation are also 
almost invariably dejiosited in the upper part of the 
tube. An odour of burnt hair indicates the jiresence of 
nitrogenous organic substances, esjiecially jirotcins, H 
the residue elfervesces when treated with acids, whilst the 
' Cf. Chaji. Hi , No. ;i. 
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orij'inal substance does nob sliow this phenomenon, it indi¬ 
cates that alkali or alkaline earth salts of ortianic acids arc 
])rosont. 

(0 A fiKial is Uj'(. This indical-rs tlu; pr<‘serH-<* of carluuiates 
or oxid(‘s of iiohlo inotals or salts of easily n'diicihie metals 
with oriijanie achls ^ (c.// cupric acetate), fn this case 
under certain conditions little, if anv. carlioii is produccal (A). 

3 . A small jxaiion- of lln sabslann’ ts (idfodmrd ni(o a hollow on It- 
charcofd and suhniitled to tlu* inner blowpipe llaiiie.^ Hiiicc 
llie reactions widcli occur largely re-<hipli<aile tliose uln'ady 
observ<‘<l when tin* suiistaiua! was Insiti'd in a ;.>lass tube, only 
thos(‘ characteristic of tins inotliod of tr<-atnicnt- will lie civen 
liete, I f sulphur dioxide* is developed when I ii<‘ flaiiK* is direcdial 
oil to the <-haicoal. saljthur or a salpJndr is indicated; if a 
i'arli(i-like odour of arsenic is produced, the* presence of arsenic 
or an ars(*iii<-, ccnnjioiind is indicatc'^l : it there is an odour ol 
aninioma, the presence of certain ammonium i-oinpounds, 
r ff. ammonium carbonate, is indicateil ; if tin*, carbon burns 
vicorously, substance's which emit ow^en, usually nitrates, 
chloiates, or peroxides, arc* present, (-are should In* taken to 
avoid bieathin^ the vapoins from substances which, when 
heated in ^lass tubes, have 3 'ieid(‘d v.ipours or sublimates 
(t'hap. lU., No. 2, last paragraph). 

in addition to the tests (lescubi'd. delinite coni'liisions may 
also be draw n to some extent from the followm^^ jiheiiomena ;— 

(//) 7V/C sahsffntca nwlts and. spicads on (he (diarcixd (o’ forms a 12. 
head, in ihe }t<dloa\ without a simiiltam'oiis deposit. This 
priiriarily indicates alkali salts. 

{h) An infusible while resulue remains on the charcoal, either at 13. 
once or a.ft(‘r jirevioiisly molting in tln^ water of crystallisa¬ 
tion. This indicates (‘specially alK.dim^ earth metals, 
aluminium, and zmc. w’hich are [)res(‘nt ni the form of tlieir 
oxidi's or of salts whiiJi are stable on heat my (zinc oxide 
appoar.s yellow whih^ hot), and also iiuli(ait(‘s silicon dioxide. 

Of thesis slronlia, lim<\ mafjiu'sia, and zine oxide arc 
(characterised by (‘inittiny an intense hylit in ilu^ blowpipe 
flanije, and alkaline earth metal compounds l)y the fact 

' ('j. irr.. No. 

If there 19 no iii<‘aiiil(*NC(*nc'e,etc., wIk'ii tlic siihslaiuc ishealod on charcoal, 
a larger amount may l)o used for I lie (‘xperiment. 

^ i'f. See. 20 : also Chap. JIL, No. t. 
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that tbeir oxides or sulphides show an alkaline reaction 
after moistening the residue. A drop of cobaltous nitrate 
solution is placed on the infusible ignited white mass and 
the latter again strongly heated. V ariuus colorations are 
thereby produced, of which tli(! following in jjiirticular 
are characteristic and easily recognised. A line blue, 
coloration indicates u/Hminiuvn {luitli') and silicon dioxiili',^ 
a green coloration indicates zinc{oxidc), and a violet coloration 
mafpi<’siicm'])/ius'p/ialc or (trscniili’. In the presence of man)- 
p/iospliiitcs of alkaline earths a more or less pronounced blue, 
coloration is also obtained, of which note should be taken. 

In the case of (a) or (b) the preliminary e.xamination is 
comjileted by determining the Jlainc culoiiilion (especially 
in testing for alkali and alkaline earth metals). A little 
of the substance is jilaced on a looji of platinum wiic 
(preferably sligditly nioistened), touched with hydroclilorie 
acid, carefully dried near the, eilge of the llame, again 
moistened with hydrochloric aciil, and introduced into the 
fusion area id’ a limisen llame. I’lniiie colorations, due 
to alkali metals, arc lirst jiroduced, and then, afler volatili.sa- 
tion of the alkali metals, the colorations due to baniiiii, 
.strontium, or calcium. Hoiuetiiiies it is advisable to ignite 
the substance first in the rcdiieing llame. and then to 
moisten it with hydrochloric acid, eg. when sulphates arc 
present. 

If a flame coloration appears, the following .specilie. 
Conclusions may be drawn from it:— 

A ycUoiv flame indicates sodium. 

A rrote llame indicates pulussium, cwsnim. nibidium. 

A ydhwish-rcd flame indicates culciwm." 

A red flame indicates Idlnitm, slroitliiim (euleimu).^ 

A ijrceii llame indicates Ihalliitm, boric iirid. copper. 

A yeltowish-ijrreu llame indicates barium. 

A blue flame indicates indium, cupper (as chloride or 
bromide). 

A pale-blue lu blue-tjrcen flume indicates arsenic, aiitiinuny. 
For further particulars, see iSecs. 211, 31, and 38. 

^ This conclusion is only justifiable when an infusihle substance i.s actually 
pri'Hont, h'u.sod nia.sst's are also frequently eolottretl bluo by cobalt. 

^ Or a metal which colours the flame rod in the, prcscnco of sodium. 

® The calcium coloration is much redder in the absence of sodium, csiiccially 
when hydrochloric acid is present, than is usually assumed to be the ease. 
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(c) A residue of a different colour is left, a reduction to nxetaliA, 
takes place, or a deposit is formed. In this case a conclusion 
cannot iinnicdiately be drawn froju tlie reaction which has 
occurred, but in order to bring about docisivo plienoiucna 
a small portion of the powd<T js nnxed witli a drop of 
water and sodium carbonate (an odour of ammonia at this 
stage indicates the presence of an ammonium compound), 
Jicated on charcoal in th<‘ reducing (lame of tlie blowpipe, 
and a note takcji of any residue iii the hollow of the charcoal 
and of any deposit on tlu^ surface of the cliarcoal. If a 
sulpliide or arsenidi* is ])resent (sci; 11). or if the substance 
contained much water of crystallisalioin it should be 
lieated first for a slmrt tinu' on the cover of a porcelain 
crucible, and tin* residue ground uj> and mixed with sodium 
carbonate. If only an incomplete rediK^tion to metal 
occurred, it is advisable to r(‘p<*at the test oiici' more by 
adding a litth* ])otassium (yanid»‘ to tin* substaiici* which 
has been mixed witli sodium earboiiate, or tlie substance 
inav be mixed with sodium iormat<‘, since this materially 
facilitates the reduction to metal. 

If a rediK-tioii to metal has ueeurn'il. ihe residue is 
moistened with water, cul out, ground up in a small 
mortar, and the jiartiides of eliarcoal washtvl away. By 
this means gold is obtained in yellow Hakes, copper in 
<X)|)pcr-re(l ones, silver in laarly wliite. tin in greyish- 
white, and lead in whitish-grey Jlukes, wdiilsb bismiitli is 
left as a reddish-grey powder, zinc as a bluish-wdiite, and 
antimony as a grey jmwder. 11 copper aiul tin or copjier 
and zinc are present together yellow alloys are sometimes 
formed. 

The following sjiccilic phenomena may he noted :— 

(a) A granule of metal obtained aller thorough bJoW'[)ipe 15. 
treatment without a deposit lnung formed on the 
charcoal jioints to the presence of <jold or copper. The 
latter may also frequently be re<‘ognlsed by tlie green 
Coloration of tlu^ flame. Platinum, iron, cobalt, and 
nickel compounds are also redueofl, hut do not yield 
metallic granules, at ail events when they are not present 
together with conqKUinds of other melals. 

(^) A deposit is formed upon the chartaial, wdth or without 16. 
the simultaneous production of a granule of metal. 
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(m) A wliito dcj)osit at a distjinno from the substance, and 
volatilising very readily with the emission of a garlic* 
like odour indicates arsenic. 

(hh) A wliite deposit not far distant from the substance, 
an<l ca})abl<‘ of being moved from o»u“ ])art to the other, 
indicates antimony. As a rule dark dull granul(“s of 
metal will b(‘ simultane(.)usly notici'd, whiefi continue 
to emit white fumes after the lilowing has stop])ed, 
and on cooling become euveh)]>ed with crystals of 
antim<ijiy oxide; the granuh-s an' brittk;. 

(cr) A (le]H)sit which is ifclloir whih^ liot and white on 
cooling, is fairly close to the substance, volatilises 
with dilHculty, and, when heated with cobaltoiis 
nitrati' solution, sliows a green coloration, indicates 

ZlIK'. 

A pah' ffe/hir dejiosit uhile hot and whiter on cooling, 
which lies close to the substanei! and caniu>t b(' 
Volatilised in any llamo, indicates hti. 'I'iie metal 
granules which are formed simultaneously, although 
only in a good reducing tlanic, are bright, readily 
fusibh', and malh'ubJe. 

(cc) A Ivinon-ijellow deposit while hot and suiphur-yellow 
on cooling, and which when heated m the reducing 
flame leaves a blue sliimmer m its ])lace. indiiaites 
lead. 'The granules of metal formed at the same time 
are reudil}' fusibh', ami malleable. 

[JJ) A dejiosit wliiidi is dark onouje-jfedo/o while hot and 
h'luomyi'llow on cooling, and which wlic'ii heated in 
the redinaiig llame leaves no blue shimmer in its place, 
indicates hisinulli. The granules of metal simultane¬ 
ously formed are readily fusible and brittle. 

(Hfj) A deposit whiidi is reddish-brown, and orav(je-//clloiV 
ill thill hiyiTs, and volatilises without leaving a coloured 
shimmer, indicates cadmiu/n. 

(////) A faint d<(rk red deposit, with tlic simultaneous forma¬ 
tion of white granules of nictal, indicates silver. If 
lead and antimony are also ])resont the de^iosit is 
crimson. 

(y) The formation of sodium sulphide, whicii may be readily 
identiliod as in 8ec. 105. 0, indiiiati's sulphides, sulphates, 
or also sulphites. 
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4 . A small portion of the substance, is fused with an alkali ^ihosphate 
brad {see Sec. 21), is exj)Osrd for some time to the oxidisinfj Jlanie 
and observed both whilx hot and after coolinft, atul f anf/ coloration 
has been prodticed it is also heated' in the reducing flame. 

((/) The substance is dissolred readdg and in considerable (juanlityy 
forming a bead, lehu h is transparent whde hot. 

(a) 'Fho coloiu'of 1 Ih'ImmiI IS : - 18. 

blue: eolntif is iiulicatod. 

green, lM.*c.oiiiii»g blue* on coolijis; arx) in tlio iippor ro- 
<lu(‘in^ flaitu' nal aftar r(»olmu:, altlionj^li only when 
tliorou^lily saiuratod : copper js indicated. 
green, [airtirularly Jim* on cooini<^, and iinclianj^ed in 
the. H'diiciny flaiiH*: ehro}n(uin is iiulicated. 
broienish-red. beroniniL* pale yc'llow or colourless on 
l•ool^nJJ: ; in lha raduian'; Jlaina n'd wlnh' hot and yc'llow 
on cooliiii’, and then ,nre(‘nis]i : iron is indicated. 
ruhg-red. Ix'coniin^ bine and then colourless : gold is 
mdirated (Sec. SI, 11); reddish, to broirnish-red. 
becoimn” jialer on cooling, and then y« liow to rixldish- 
yellow or ev(‘n i-olourless and unclianaed in th(‘ reducing 
tlaine : n/ekel is indi(‘at(‘d. 
faien-eoloured • platinum is inilieal(“d (Six*. S.5, 15). 
gelloHJish brotrn. becoming h^lit yellow to colourlc.ss on 
c-ooling, and in tlie reducing flame (preferably after 
treatment witli tin) almosi (olourless, and blac.kish- 
gri'y on cooling : bismuth is iiulicat(‘d. 
pale i/elloif' to opal-colouied. sowiewlmi turbid on cooling, 
and wliitish-grev in the nalni mg flame: silrer is 
nnlicated. 

amethifsf-eidoured. (“spiM i.illy aft<‘i' ciKiling in the outer 
Hamm cohnuiess in the redin ing llanu*, and not «]Uit(‘ 
clear: manganrse is indi(Mt<‘<l. 

(/i) The hot bead is not eolmired. 19. 

{aa) It remains dear on cooling. Tins indicates antimony, 
aUvminium. alkali, compounds, zinc, cadmium, lead, 
calcium, and nnn/nesium (tlie five last yield on the 
addition of a eonsid(‘rable (juanf ify enanH“l-white beails. 

In the prosenca* of lead tlie .saf urabal Ix-ad is yellowish). 

(bb) It becomes enamd-trhife on coohm/, eeen. in the presemet: 
of a smull (fuantitg of the substance, liarium or slron- 
tiuiih is indicated. 



2D. lb) Tk .whmmr dmolm fm . 

(a) Tie bead I's colourless and a/so reimins okai on 

ing. Ibe undissolved portion appears semi-trans¬ 
parent ; on the addition of a little ferric oxide the 
lilass assumes the e,<)l()ur of an iron bead. Hillnm 
dioxide is indicated (or a silientc). The reaction takes 
|)lace better on the ns<^ of not too small a grannie or 
fragment than wlien fin(> jiowiler is used. Its non- 
occiirrencc does not justify the. conclusion that silicic 
acid is absent (cf. Sec. ll.b, !)). 

(jS) The bead is colourless, and remains .so. even after the 
addilion of ferric oxide. Tin is indicated. 

21. ( c) The substance does not dissolve at all and floa,ts (as metal) 

in the bead, (jold, or plalintiiii is indicated. 

When the ])reliminary exainin.ation [s finished the substance 
under examimitioTi should be dissolv<‘d as in Sec. l.'d (.'12) or 
Sec. ir)5 (S^l). 

Se<'. I.bl. 

(2) The substance is an elementary metal or an alloy. 

22. 1. i portion is mixed oiid hailed with miter, to whieh. it little iieeliv 

acid has been ttdiled. The evolution of hydroeen indicates the 
presence of a light metal (possibly al.so that of e.lcnientary 
manganese). 

23. 2. A portioH is heated in a hollow on charconl in the inner hlotvptpc 

Jliivie, and a, note taken whether the substance melts, or a deposit 
is formed, or an odour produced, etc. 

The followdng metals may thus be, recognised with more or 
less certainty : arsemc by its odour of garlic ; merciirt/ by its 
ready volatility ; (tnlmwiiij, zinc, lead, hisnmlh, cndminm, tui. 
and silver by their fusibility, with the formation of de]iosits 
on the charcoal (ef. 10) ; copper by the green coloration of the 
outer flame. Only when a single pure or nearly ]iure metal is 
present can any further conclusions be drawn ; thus f/vld melts 
without a deposit, whilst platinum, iron, manganese, nickel, and 
cohuU do not melt in the blowpipe flame if they are pure. 

24. 3. A small portion is healed in a glass tube fused together al one end 

in a gas flame, the action of which is intensified by the use of a 
chimney. 
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(a) No deposit is fanned in the colder 'part of the tube. Mercury 
is absent. 

(/)) A deposit is farmed. Mercury, cadmium, or arsenic is present. 

The deposit of the first metal, which consists entirely of 
small globules, cannot readily lie (confused with the cadmium 
or arsenic do[K)sit. 'J'lie jion-oce.urrenco of deposits, how¬ 
ever, is not nec<‘ssai‘dy concilusivc of the absence of cadmium 
or m’se!d<;. 

After the [)relimmary (‘xamination is finished the 
8ul)stance under examination should be dissolved as in 
Sec. 150 (-12). 

Sec. 152. 

B. The Scustance under Bxamtnatton is a IjTQuin. 

1. // s-mafl portion is heated in a ]>latinum or j)orcelain basin and note 25. 

taken whether the litpiid can be evaporated without leaving a 
residue, i.e. whether a solution of a solid substaius* is present. 

If this is the case, the residue is tested as in Sec. 150. If the 
Ii(piid evaporates without halving a residiu' there may bo pre¬ 
sent (if the reaction is acid, (27)) volatile acids (hydrochloric, 
nitric, acetic, formic acids, etc.), and if th<' rcin^tlon is alkaline 
l]u‘ solution may contain ammonia. In tins c;i.s(! the odour 
affords n furlhor indication, especially when t he Jhjuid is lieatcd. 

If it is no! a solution, organic sulistanc.cs will almost invariably 
be present when tfu* licpiid was not merely water. In this case 
rclVnuuM' may be mad(; to what is said in (1uip. 111., No. 3. 

If a Inpiid nieta) (mercury) is picsent, it should be treated as 
ih'scnlied in tin* previous s<“ctions. 

2. The (xioxr of the Ivprid or of the vapours which escape when it is 26. 

heatial usually give a siifliciciit indication of t]i<‘ nature of the 
solvent. If neci'ssary a distillatioyi is mailc, a not(‘ being taken 
of the temperature at which the vapour.s distil (Sec. 12). If 
an aqueous solution (which may contain vadatilc acids or 
ammonia) is not present, simjih' solvents such as alcohol, ether, 
etc., may be evajioratod, and the residu<\ if it is of an inorganic 
nature, examined by the same method as was jirevioiisly used 
when a solid substance was present, i.e. beginning with Sec. 150. 

If the residue contains organic substances, and it is not 
possible to decidi^ by other nuairis tliat it belongs to tlie organic 
acids dealt with m this book (or alkaloids, ej. Hcc. 209 el seq.), 
or that the case conics within the scope of those dealt with in 
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Rec. 196 ft srq.y rcforcnoo should he uiado to Cha}). 111. No. 5. 
Tliis also a])plie8 to the determination of the nature of the 
solvent. 

27. f3. A test is made ivith litnnis -paper. 

(<r) Bhe paper becomes red. Tliis react ion may he due either to 
an acid or an acid salt, or to a salt which has undergone 
hydrolj'tic dissociation wlion dissolved in water. To 
decide which is the case, a small ])ortion of the liquid is 
poured on to a clock ghiss and tlie extreme tip of a glass 
rod, moist(‘tH‘d with a dilute solution of sodium carbonate, 
introduced into it; if the li(|uid remains clear, or any pre¬ 
cipitate fonueil dissolves on stirring, the former alternative 
is the case, whilst if a permanent turbidity is ])roduce(l 
the latter is generally the case. 

28. Reddened hhnus paper heeonies blue. This indicates 

hydroxides, carbonati's. or sulphidi's of alkali or alkaline 
earth metals (and of ammonium), also the salts of other 
\\eak acids with alkali or alkaline earth metals (especiallv 
alkali borates) \\hich Jiave undergone hydrolytic dis¬ 
sociation; basic h‘ad acetat<‘. thallium, liydroxidc, and 
carbonate also show an alkaline reaction in aqueous soluti<ui 
owing to hydrolysis. 

29. 4. If the solution is an aqueous our and lias an arid roaofciou. a small 

portion of it is ddutal intli ■iniioh irntcr. ii this produces a 
milky turliidity tlic ions of hismnt/i, antimony (possihly also of 
tin or lead) arc indicated, if. Sec. TO, 3, and Sec. !)], i. 

30. After the preliminary examination is completed the actual 
tests are made If the solution is an aqueous one and lias a neutral 
reaction it can only contain substances soluble in water ; if, however, 
it lias an acid reaction (this being due to the ])resoncc of an aeid), it 
is necessary to take into consideration in tlie actual tests not only 
substances whicli are soluble in water, but also those whieh dissolve 
in acids. Bearing these facts in mind, the examination is continued 
at Secs. 157, 158, or l,5i(, or Sec.s. KiO, Kil, or J(i8, provided the 
assumption that only one cation and one anion is jircsent is justified ; 
but if there is no such justification, tests are made as described 
in Secs. 104, 175, or 170. or in 177 or 178. If liquids have an 
alkaline reaction, the examination is made as in Secs. 157, ]58, or 
150, provided it may bo a.ssumed that only one ration and one anion 
is present; otlierwise as m Sees. 101, 175, or 170. 
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mv 

TJ. SOLUTION OF SUBSTANOKS OR THEIR OLASSIFIOA- 
TION ACCORDTNO TO THEIR BEHAVIOUR TOWARDS 
CERTAIN SOLVEN^’S.^ 

Sec lA'j. 

(jv)irnd Stiii'cij 

Th(‘ media wliieli \vc for classifxim^ simjtl(‘ sidtslaiices (Ji 31* 
(juMijiouiuIs in HcoonJaiioe with tln'ir soIiihiJity. nr of separating 
Uiom when mixed t()g(‘ther. are waler aaid acids (li) drocliloia^ <aeid. 
nitric juad, (U{ua rajia). According 1() their l)ehuvioiir towards 
tjicse solvents subslances may ho divjd<‘d into three classes — 

First class. — Subsfanct'S soh/hic tv ivdtcr 

Second class.-—Subslavccs piacficallt/ insoluble or dissolvinij intli 
(lifficulti/ in waler, but soluble in Iiifdrocliloric add. nilrie acid, or aqua 

III/III. 

Third class.— Substances qihicJicalh/ insoluble or dissoldnij with 
dijjieulhj in ivaler. and also m lii/diochloric acid, nitric acid, and aqua 
■ici/ia. 

-Medals or metal alloys are more suitably dissolved by a somewhat 
elillerent iiK'tliod, and a sjiecjal method tor tlnar treatment is, tlicrc- 
fone ghen (See |oG) 

Fiotf dure m detail. 

To ofl’ect tin* Solution or test the solubiiit) of a s(d)stanc(‘. tlie 
fojlowjng nielliod is employed . - 


.\ 'I’llE SUBS’I'AN'CE fS NEITIIEU AE ElKMENTAKV MiiTAL XOJl AN 
Alloy. 

Simple Compounds." 

Se(\ hVl. 

If it js a (|uestion oi a simple coinj)ouHd, tin' solubility <Tiss to 32. 
which it belongs is first determined. For this juirpose a. small 
sample is treated witli about tim times its <pianlify of distilled 
waliT, and then, if neecssar)-, with dilute iiydrochiorio acid (?..c. 
hydrochloric, acid of sp. gr. 1T2 mixed with about three times its 
'piantity of water), with concentrated liydrochlonc acid, with 

^ See also the remarlis m I’arfc II., Chap, ill , Nos. 15 to tS. 

“ ^J'his luiiae has been adopted for IIk' sake of brevity for .'ineh coaipouiids us 
uiaUoii only one cation and one anion. 


36 
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nitric acid,i and with aqua regia successively in the order given, first 
without and then with the aid of heat. If the small sample can be 
dissolved - by one of these solvents, a sonniwliat larger quantity 
(about 1 grin.) is treated in the same way, and ti'sts are. applied to 
aqueous solutions in accordanct^ with Secs. 157,158, or 15'J, to acid 
solutions as in Soc.s. 160, 161, or 162, and to substaiK^es insoluble or 
practically insoluble in acids in accordance with »Sec. 163. 

It sliould be noted that simple conq)onnda must dissolve coni])letely 
in one solvent. If small particles remain undissolved they usually consist 
of impurities which may be ignored (c/., however, 3H (5), (c), and (d )), 
and in s'uch cases tlie substances are not treated as though insoluble in acid. 

On dissolving the substance in acids a serie.s of jdicnoinena may 
be produced, <>/ivhich especial notice, must he taken. 

(a) EJJcrvesccncc indicates carbonates (the Jibeiated carbon 
dioxide may be identified according to »Se(\ 111, 4) ; or 
.sulphides, in wliicli i^ase tlie liberated liydrogen suljihidi' 
may be identified by it.s odour. 

(5) Separation of sulphur, whicli may be easily recognised fiy 
its appearance, colour, and siiccifii' gravity, and can usuallv 
be liltereil off after being boiled for some time, indicati's 
suljthides Tin* filtered sijlution is diluted-^ and tested 
aeiao'ding to See. I6(h whilst the ro.sidiu; may be (‘xamined 
aei'.ording to Sim- 16.3. 

{(■) Seiiaration oi silttwacid. usually in gelatinous form, imbeates 
siih ates. These are examined by a special process. Sec.s. 181 
to 183 (i]j\ however, Ohaj). HI.. No. 7). 

[d) 8ej[)aration of crystalline benzoic acid, salicykc acid, or cin¬ 
namic acid can only occur when tJie preliminary examinution 
has indie-ated the preseuce of organic, substances. (If 
any dou\)l exists as to wliether the salt has dlssomatcAl 
with solution of the cation, the solution is shaken with 
ether, wliich will dissolve the organic acid, so that two 

' .Sonictmics, f.7. ni ilic ca.s<‘ of banmn cninjxumdH. iv sub^lami- iloc-s ii'if. 
dissolve conijilotcly m acids, owing lo tiu' formation <d‘ a subslanco wIikIi i-' 
loss Hohiblo in th(' acid than in water. In sucli cases coin])lete solution is clhel' d 
by diluting the lujuid with water. 

^ If an organic sub.stanci' is jirew'nt, it may belong (o Iho class oi subsluii' cs 
soluble m water, notwithsiaiKlmg the. fact that it cannot he completely iti!'- 
solved either by treatment witli water <a- with acids. It belongs tben to the 
cases mentioned in 33 {d). 

® A turbidity at this point points to the presence of bismuth or anlimoD.v 
compounds (possibly also of tin or lead compounds). In the ease of the foinici 
the turbidity is removed by the addition of hydroeliloiic acid. 
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clear layers of liquid will be obtained.) For the detection 
of the cation a fresh quantity of the original substance 
is treated witli acid, diluted witli a little water if necessary, 
iuid tlie liquid li]t(‘red from llie K(q)a]‘ated organic acid. 
Tlie filtrate is tested as described in 47 {h), footJiotc. 

(c) Evolution of dilonnr {irlivu /i/fdroclilon'c arul is tised) indicates 
tlie presence of oxidising substances: peroxides, per-salts, 
chromates, chlorates, etc. 

(/) The evolution of nitric oxide or nitrogen irioxkle when 
■nitric odd is used points to the deveIoj)ment of an c*xidution 
jirocess, wliil.st liromine or iodine vapour indicuites bromides 
or iodides. 

{</) Dcvelojiment of an odour of Injdrocgauie aeid indicates the 
presence of cyarutgen cmnpounds, insohibb; in water. A 
suitable special method of i-xamining these is given in 
Sec. ISO. 

In many c.ise.s (wilh ferro- and f<Tric\’aMid<‘s) a blue 
or green coloration is simulOineouslv produced on heating 
the substance with hydrochluiic acid. 

If lliere is any doubt as (o l.lic (‘voliitictn of Jj\diocyanie aeid. a small 
(jiianlity of the sulistaiice may he heated wilh sul})hmie aeid or fused in 
an igruti(»n tuh(^ with ])otassiiini hydrogen sulphat(‘ and the hherated 
\a)M)iir made to act iijion a .strip of jiajicr which lias hcen saturated willi 
a solution of a ferrous and ferrie salt, and then dijipeJ in alkali hydroxide 
solution. On Bubsecpieiitiy moistening this witli liydroeliloric acid the 
loj Illation of Pru.ssian blue indicatis the preseiiee of cyanogen 
(rf. yce. 120, 7). 


Mixed Compounds.! 

Htlc. \.r>r>. 

M a mixed compound is to be examiiWHl. it is udvisidtle, if neces- 
«aTy, to liegin liy sojiarating the substances from om* anotlier into 
tlieir ros])ective solubility cias.ses. Fur Ibis puipoac the following 
jiroei'diire is adopted :— 

1. A samjilo (about 1 to 3 grins.) of the substance under examination 
is treated in the form of powder with uliout 10 times it.s quantity 
of distilled water in a flask and tlie mixture heated to boiling 
point. 

’ 'I'liLs namo is applied hero and in tlu* following jaiges (o eompound.s and 
niixtiiroa in wliich all the cations and amous of more fivipient occiirmnci! may 
present. 
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35 . (^0 (.‘If'iir solution is oUuivrd. In tliis cusc the wliole of the 

coinpouuds in the first soluhility class have to bo taken 
into coiisiderution, without, liowevcr, overlooking what has 
been said about the reaedions in tlio ])i'olinnnary examina¬ 
tion (30). Tests are ajiplied for the detection of tlie cations 
as in See. IGl. and for the detection of the anions as in 
Secs. 17’) and 17t). 

36 . (^) A residue is left, even after loiuj-eoutiriued boiling. It is 

allowed to subside and the liijuid tiitered, the insoluble 
niatti'i- being left, us far as ])ossibIe, in the llask. A sample 
of the clear liltrato is evaporati'd in a jilatinum or porcelain 
basin or in a clock-glass {ef. (’liaj). Ilf., No. (1. and in ])ai-- 
tiiadar the footnote). If a residue is left, part of the 
sniistance is soluble in water.' The residue is n'peatedly 
Ixiiled with fresh portions of watiu-, in order to bring the 
soluble constitiient.s as eoiujiletely as jjossibic into aipieous 
solution,^ and tests are a]>plied to tliis solution as deseribed 
in (35) and to the insoluble residue as in (37). 

37 . 2. The substance wltich is insoluble in water, or which has been 

extracted as completely as possible with water, is separated by 
decant.atioii or filtration from the licpiid, and a portion treated 
with dilute (ef. .32) liydrochlorie acid. 3f it is insoluble or not 
completely solulilc the arid is boded; and if still there is not 
complete solution the li([uid is jioured oil’ into anotlier llask. 
tlie residue boiled \sitli concentrated hydrochloric acid, and 
if a solution is obtained it is added to the liquid previously 
decanted. 

WiUr regard to tlie plienoniena wliich may occur during the 
treatment with hydrochloric acid, si'C (33). 

38 . {o) Complete solution is effected hg the ircatniml with hgdro- 

chloric acid (or only sulphur, silicic acid, benzoic acid, 
salicylic acid, or cinnaniie acid scjiarates, ef. 33). The 
substanc(;s insoluble in water then belong t<.) the second 
solubility class. 'J’he examination is continued according 
to Sec. 1()5. Any deposit whicJi appears to be suljihur 
should be submitti'd to further examination, as in Sec. 17G. 
If silicic acid has sejiaratcd, the liquid is ovaporatcil to 
dryness, in order to convert this completely from tln^ 

’ If BubstanceH, sucli as caleniiri Hulpliatc or lead chloride, which arc only 
sparingly Bolublo in water, arc preaent, it is suflieient to boil the residue foui 
times with water, sinei' eoinph le <'xtrii( tjuii can only be ctTcctcd with difticulty. 
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colloidal condition into insoluldn silicon dioxide, as de¬ 
scribed in See. 181, and the residue moistened with hydro¬ 
chloric acid, treated with water and filtered. Tlie, filtrate i.s 
subsequently examined as in Sec. 105 H .««/. The residue 
is tested to see whether it contains any substances in addi¬ 
tion to .silicon dioxide, insoluble in acid. (’/. in this con¬ 
nection (*lia]>. 111., No. 7. Any scjiarated organic acids 
are tiltered olT, and tested as descrilied in Sec. 15'J for 
cinnamylato, su(a-inate, and salicylate ions. 

(h) A ri’Kidiic in Aill left. In this (rise the flask containing the 
jMU'tion which has been boiled with hydiochluric acid is 
|jut aside, for a tinie.i 

I f the substance which was insoluble in water, or has been extracted 39. 
therewith as far as po.ssible, is not ci)ni|iletely dissolved by 
liydroehloric acid, a further jiortion is lu'ated witli nitric acid 
and sub.sequently diluted with water. 

With regard to tlie [ihenomena which may occur, see (.5,3). 

(//) (iontpldc solution is tjfirted hi/ nitric acid (or only sulphur, 
silicic acid, or an organic acid separates, c/'. .‘(.3). The sub¬ 
stances insoluble in water belong also in this case to the 
second solubility class. The nitric acid soluton is examined 
as in Sec. 101, III., (KHI). and in general as described in (.38). 

(h) There is still irn insoluble residue on Iwalini/ the substance, 
with nitric acid, even after dilution with water. The ex¬ 
amination is continued as in (Itt). 

4. 11 the, substances insoluble in water do not dissolve completely 40. 
either in hydrochloric or in nitric acid, an alfeinjit is made to 
(lis.solve themin (U/HU/C(//a (c/! ]i. 19). Ii'iir I Ids purpo.se the con¬ 
tents of the flask in which nitric acid has beim tried ,as a solvent 
are mixed with those of the flask in which concentrated hydro¬ 
chloric acid was tried, and the mixture gradually heated and 
(inally gently liidled. If complete, solution does not take plaee, 
the clear Ii(|uid is jKUireil oil' and the residue kept moderately 
boiling for some time with concent,rated aijua rcyia. Finally 
the more dilute aqua riyia solution which was poured off, and also 
the solution in dilute liydroeliloric acid which was poured off 
in (37) are added. After tlie whole has again been gently boiled, 
a note is taken whetlier complete solution has occurred, or 

' til iiiiiny cases tile I'csidiio loft after the, tii'alniont with hydrochloric 
ai'ut dis.sotvos wlicn diluted witli water, r ij. in tlio iirosoiioo of hariuin satta $ 
(p. .iti2, footnote I); naturally tlie ease then comes under tlie tieading (n). 
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whether a residue insoluble in aqua regia is left. In the latter 
case the .solution is filtered, after dilution with a little water 
if necessary,' the residue washed with boiling water, and the 
washings added to the filtrate and examined as in Sec. 105. 
] n the foniicr case the clear solution - i.s treated in tlie 
s.ame way (in this connection ef. Chap. HI., No. 0, last 
])aragraph). 

41. 5. If aqua n-qia leave.s a residue, after Imiling, this residue is thoroughly 

washed with boiling water and examined a.s in .Sec. 179. 

B. The Substance is a Metal or a .Metal Alloy. 

Sec. 15G. 

Ueueral Surveg. 

42. Elementary metal.s are best classified in accordance, with their 
behaviour towards nitric acid as follows :— 

I. Metals u'hkh are uni attached hi/ nitric acid: Gold, platinum. 

II. Metals v'hicli are neidised hi/ nitric acid, hut the oxides of 
u'liicli do not dissohv, (to any a|)|ire(aal)le e.xtent) either in rxesiss of 
acid or in water: Antimony, fin. 

III. Metals ir/i/V7i are o.iidised, hi/ nitrie arid, and converted into 
nitrates soluhle in exeess of acid or in lealer : All the. rest. 

tiince it is only very occasionally that an analysis of chemically 
pure, elementary metals is required (for nearly all commercial metals 
are not chemically jnire, but contain larger or smaller ainoiints of 
other elements) .separate direclions for the treatment of metals and 
alloys are not given in the, following jiages, but only the latter are 
dealt with, since the methoil is applicable under all conditions, 
whether actual alloys, impure metals, or pure metals are |)rescnl. 
With regard to the qiianfities to be taken for the treatment with 
nitric acid very small fragments are sullieient in the case of pure 
metals, whilst sanqiles of 1 to d grms. should be used for th<‘ detection 

1 A t.iirbiifity at Itii.s stage usually indicates the presence of bismuth or 
antimony nonipoimds ; it may be removed by tlu* atldition of hydrochloiic 
noid. 

2 If pointed eryatals separate from the acid solution on eooling, they 
usually eonsisbof lead elilorichN Wn sueli ease.s it is often advantageous to decant 
the liquid from the <'r\stals iind‘extt)nine ilm hitler separately. 

If metastannic eliloridi* has b<‘en formed <lunng the boiling with aqua 
reijia the washing water wliieh dissolves this salt beeuines iurbitl when it falls 
into the strongly aeid liquid litfat passing thi’ough the filter. In that case the 
« washing water is oolicctial in a separate vessel, and the two solutions separately 
treated with hyclrogcn sulphide (yoc. 1(15), but filtered through the same filter. 
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of the individual constituents of alloys, i.e. for analyses in which 
minute quantities of metals present as impurities may be ignored. 

If, however, tests arc to bo applied for the metallic impurities which 
are usually only present in traces in the metals ohtained by metal¬ 
lurgical i)rncesses, as, for example, in testing soft lead for bismuth, 
(sq)per, antimony, iron, zinc, .silver, etc., quantities of 100 to 2(X)grnis. 
must lie taken for the analysis. 

I)/ 

The sanqile is he.ab'd with nitric acid of .sp. gr. 1'2, to which, if 
lead nitrate separati's, an equal volume of water is added. 

1. There is coDi.plrle sohilion, or it. am he ejfeeled hi/ llie. mhlilinn q/'43. 

miter (Chap. 111., No. ti). Tins indicates the ah.scncc of 
platinum 1 and gohl, antimony'- and tin. 'I’he procedure 
d(\sc.]‘ihed in Sec. ItJO or Sec. 161, 111., (lop). ts fidlowed according 
lo whether one or scvi'ral metals are [ire.senl. 

2. .1 residue IS left: 44. 

Tt IS liltered olTand washed, and the liltrale e.xamined as in 
See. 161, 111., (lost), providecl that a test .siiow.s that it contains 
anything in sohilion, 

(a) T’hc I'esidue is nielnllic. It is dis.solved in ai/iiit rei/ia, and 
the, .solution lesled for (/old and platinum (Sec. 86). 

(h) The residue is white and pulverulent. Thi.s usually indicates 
t he pre.sence of imtimnnij or tin. If there is reason for con¬ 
cluding that only one or other of these metals is pre.sent, 
it is snilicient to W’ash and dry the residue, and to fuse it 
with sodium carbonate and jiotassiiini cyaniile or with 
sodium formate in a hollow on charcoal or in a porcelain 
cnicihle, hv means of the rediii’iiig flame of the blowpipe, 
and to note whether malleable tin or brittle antimony 
granules are obtained. If, however, .seviual metal,s may 
he present, the case is more complicated, since bismuth 
arsenate .ilso dissolves with diHiculty in nitric acid, whilst 
lead, cop|ier, and other metals may he left in the ro.sidue 
in the form of salts or o.xides, together with lh(‘ antimony 
o.xides and nietastannic acid. The best eoiii'ise is to fuse 
the washed and dried re.sidue for a considerable time with 
about '1 times its ipiantity of a mixture of cipial parts of 

' Atloya of silver ami platimim containing very littio jilatinnm are soluble, 
tiowover, in nitric acid. 

- Very nimiito ipiantlties of antimony arc often ooniplctcly dissolved 
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sodium carbonate and sulphur in a porcelain crucible 
which must be kept locll covered, and then to treat the fused 
mass, after cooling, with water. 

Tf necessary, ,nid especially when the af^neons extract of 
1 he fused mass is of deep yeiloH colour (which shows that the air 
was not suflicumtly (excluded), the fusion of the rc.sidue with 
sodium carbonate and sul[)iiur, and suhscipient extraction with 
water, is repeated and the two solutions united. 

If a residue i.s left it Is filtcis-d off, washed, and dissolved 
in nitric, acid. The, solution is tested as in Sec. IGl, HI., 
(109), for the cations of the fifth and the fourth groujis, 
or the precipitates of llie fifth or fourth group obtained 
from tills iiiiric acid solution .are united with the corre¬ 
sponding precipitates from the iiiaiii nitric acid solution 
first obtained. The yellow .alkaline solution, however, 
IS acidilied with hydrochloric acid, whereby sulphides of 
the .sixth group arc precipitated, and the precipitate is 
washed as in Sec. 167 (if necessary after being added to the 
)jrccipitate of sulphides of the sixth group obtained from 
the main solution). 

45. ( (■) The residue is white Mvlfloceiiknl. Tliis indicates precipitated 

siheie ticul Since, however, thi' coiii|ioimds of the heavy 
metals mentioned in (/i) may also be jireseiit in this ])re- 
cipitate, a. portion of the latter, after thorough washing, 
is fused on charcoal or in a porcelain crucible with sodium 
carbonate and potassium cyanide, or with sodium formate, 
whereby the heavy metals may be detected. If they are 
found the remainder of the residue is fused with .sodium 
carbonate and siiljihur as described in (b), and the silicic 
acid thus obtained in solution. If this solution is acidified 
with hydrochloric acid, after suflieieiit dilution, filtered 
from tiie sulphides of the sixth group (which must be 
c.xainined as in iSec. 167), and evaporated to drynes,s, and 
the residue treated with hydrochloric, acid and water, a 
re.sidiic of silicon dioxiile will be left (Sec. 11.5, -1). With 
regard to the lieli.-tvioiir of the aqueous extract of the fused 
mass when acidifed with hydrochloric acid, see also (101). 
(d) The residue i.s blue!;. This indicates separated carbon. A 
small portion is strongly heatcil for some time on platimmi 
foil to see whether it burns completely. The nature of 
r any residue left is investigated according to (a), {b), or (c). 
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nr. ACTUAL EXAMINATION. 

Simple Compounds A 

. I Suhstancrs ,<ohfhJr in water. 

Detection ot the Cation.- 

ISkc. ]'»7. 

(tcHerat i>arceif. 

In nnalysin^ a siiii])le c.oinixjund to detect the cation present, 
tests are lirst made with the rea<^ejits to ascertain to which 

nnalyttf'al ^roup it iielongs. 

Saceessiv(5 t(‘sts ar(‘ tlicndore applied to determine the behaviour 
of fill' aipieous soltillon towards liydrochlorh^ acid, of the acidified 
fiolnl ion towards iudrogoii sulj)hid(‘,tlied)ehaviour towards ammonium 
sulj)hi<h; (a precipitate witli which may consist either of sulphides 
of the fourth or of h}droxides of tlie tliird grou])), and towards 
amniomum (uirbonate and sodium ammonium hydrogen ]>]ios])hHtc. 

If tln'sc reactions prove tlu^ absinnui of the members of groups IT. 
to VI. only an alkali hm or ammonium ion can 1)0 ]m‘sent. If one 
group reagent has given a positive result Ibore is no need to a}>ply 
the others, since onlv one <‘atioTi is present. 

Siwcial Process 

1 A small portion of tlx* aipieons not too e.oncimtrati'd solution is 46. 
treated with a little hydrocliloric acid. If the reaction is alka- 
lim* the acid must bo added until the liquid shows a decided 
acid react ion. Effervescence indicates tlie ]>resence of carbonate 
ion or sulphide ion. and slioiild be noted for the detection of 
t ho anion (68). 

(u) No precipitate /-s' fonm'd. Tliis indicates the absence of 47. 
silver and mercurous ions, as also of largi' amounts of lead 
ion. The analysis is continued as in (50). 

(/)) A precipitate i.-^ fanned. Ifydroiddoric acid is added drop 
by drop until the, volunuj of the precipitate no longer 
increasi's, after which an adilitional 6 to 8 drops are 

' ('J (U) ami Chap. III., hTos. 1) and 10. 

- In this .solioino of analysis attention mu.st ahso hi* diivectd to tho anions 
of .i.r.s('nit<‘-‘^, a?’S(Miatf.s, siheati's, ami cmnamylaU'.s, him’o phenomena, may bo 
<»l)Sot’vr(l which will (‘iiatilo fliein to be iricnlilic<l. 

'* ^\'lth r(‘gard to tho tabulation of the rc'sults, see Appendix III. 
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added, and a note taken whether, or no the precipitate 
re-dissolves.1 

If A dissolves the analysis is continued at (50). 

If it docs not dissolve, and organic sidjstanees are present 
(10). a portion of the licpiid in which the precipitate is 
suspended is shaken with ether. If the f rccipitnte dissolves 
(he analysis is continued at (50).2 If the precipitede remnins 
insoluble, or if organic suhstonres arc not present, tlie liquid 
(if necessary separated from the ethereal layer) in whicli 
the, precii)itate is suspended is divided into two parts, and 
e.xeess of aimnonia .solution added to one of them. 

(a) The precipitate disappears and the liquid hccomes clear. 
It was silver chloride, and indicates the jiresence of 
silver ion. A.s a confirmatory test the original solution 
is treated with potas.sium chromate and with hydrogen 
sulphide (see Sec. 70, 10, 1). 

48 (/3) The precipitate becomes black. It was mercurous 

chloride, which has lieen decomposed by the ammonia 
This indicates the prc,sence of mercurous ion. As a 
conlirmatory test the original solution is treated with 
stannous chloride and with nietallie copper (see 
.Sec. 71,8 and '.)). 

49 ^ (y) The precipitate leuiams unaltered. It is lead chloride. 

which is not dissolved by animonia .solution, ft 
indicates the presence ol lead. ion. TTiis is confirmed 
bv diluting the idher portion of the liipiid, in which 
the. precipitate, produced by hydroiddoric acid is sus¬ 
pended, with a large amount cd water, and then heat mg 
it. The. iirecipitate, if it really is lead iddoride, must 
dissolve. For further (‘onlirmation, ])ortions of the 
origin.al srdution are tested with hjalrogen sul|diide 
and with sididniiie acid (See 72, 4 and 11), 

50. 2. Hydrogen sulphide water is added to the sidiition acidified with 
hydrochloric acid until the liquid has a distinct odour of the gas 
after being shaken. The lirpiid is then heated and, after the 

* Witli regard to tlio formation in o\ee]>tional cases of precipitates other 
than the silver, mercurous, and lead eldoride.s, see (thap. HI., No, 15. 

2 Tho ]>recipitate, however, is littered olf from tho remainder of the sohitioii 
which ha.s been lu-idilied with iiydroeldoric acid, dissolved in sodium liydroxide 
.solution, and tested according'to ,Se,e. 130, 3, -1, and 7, for cinnaniylato ion, 
care being taken that in the two lirst reactions tho solution is not alkaline. 
The reaction with ferric chloride will also indicate tho iiresence of benzoate 
or salioylate ion. 
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addition of more hydrogen sulphide, is allowed to stand for a 
time."^ 

(r?) T/fC liquid remains clear.^ The analysis is continued at (56), 
or if an acid, not an aqueous solution is in question 
(Sec. 160), at (8-1), for lead, hismutli, eojjper, mere,uric, 
gold, j)l.‘d)nuin. tin. antimony, ai.senic, and harie. ions are 
not jiresent. 

{!>) J pirapUalc is ohlaimd. 

(a) The juecipilalc is while, in that case it consists of 51. 
Hoparated sulj)luir, and j)oints to the presence of an 
oxidising substance whicli doconqioses hydrogen 
snlj)liide with tlie sejiaration of sulplinr.^ Of the 
cations of this nature fern(5 ion is the one of most 
frequent occurrenec (Sec. (>2, 3). (In this case the 
cidour of the solution changes fi’om yellow to colourless.) 

'I'hc original s(»lution is tested with potassium ferro- 
cyanid(i (Sec. 62, 8). If iron is not found and jf a 
change of colonr in the solution did not indicate tfio 
jucs(‘nce of chromate ion or ferricyanogen loii [cf. foot¬ 
note 3), the anal\sis is continued at (5t>). 

{^) The 'ptecijufate is ifeUinr^ It may he the sulpliide of 52. 
cadmium, arsenic, or tetravalmit tin. In order to 
detciniine tli<‘ point, a ])oiti<m of the liipiid in wliich 
the precipitate* is suspemlod is tr(*at(‘d with ammonia 
in excess, then witli a little ammonium sulphide and 
heated. 

' If .1 pr<‘<ipitaic‘ js iniin<‘ihat(']y on the nclditioii of ili<' hydrogen 

Fiil|ilii<h‘ water, tlie iKMting, «‘fc., i.s unneoc.ssaiA, Init jf llu- li(|uid rcaiiaius 
(Ic;!! Of Iteeonio.s only .^liplitly tuilnd, t lie iibov(5 jn<K <-s.s tml^t. Ih- ^(n' tly followed 
il llu' ii^K of overlooking arf-enatr ion and .stamiie ion is not to he incurred. 

- If the h(jnul fioin hemg d;u k violet-iecl in t okmr hetaniies eolouilcss with 
lliis ji*ag«'nt till- j)ies<'n((‘ ol perniangaiuiti' ion is indh-atetl. Jii tins easo tho 
s< ln‘nie tor (lu^ an.il\sj.s of mixed conijiomnls is followed (See. I7U or JOtl). 

•' It the eolour of the solution eliangis from ixaldisii-yellow into green, 
iliminafe ion i.s indieal<‘d. wliil.st a gradual eluinge* fnan \ellow' to ]>ale hhu* 
p'Miit.s to (he presonse of forricyanuk* ion. In the foiiiier ease, two ealion.s aro 
after the action of tla^ hydrogen siilpimle. \y/. < hroinie ion and the cation 
of tin-<‘hroinate oiigiiially 'ii tin* solution, and tho process <lescnl.ed in See. 170 
oi Hiil should ho adoptc'd. In the latter cas<‘. the dry suh.stance or the residue 
ol)tallied hy «-vapoiat nig the aipa-oiis solution is liealei,! witli a littk* eonemtrated 
^nlpliiirio acid m a fume cu|jloai<l until tin* greatin* poition of tlx* sulphuric 
acid lias evaporated, tiio n'sidue dissolved in watiT, and the solution, which 
will iio\v eontam the cation originnlly pi<*.s<>nt in addition to the ferric ion pro- 
dii(<‘d from the ferricyanogen ion, is examined as de.scribcd in iSi'C. 170. 

’ If the oiiginal .solution was yellow, it i.s treated with a larger excess of 
kvdrogi-n sulphide, and heated to make certain that a white ])reeipitate of sulphur 
lu the y<dlow solution hua not been mistaken for a yellow precipitate. 
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(aa) The 'prccrpi(atc docs 770t disappear. Cadmium ion 
is present, for cadniiian sulphide is insoluble in 
ammonia and ammonium sulphide solutions, 
(.'onfinnntion is obtained by testing the original 
substance, or the ]in'oi])itate ])rodu(!ed by am¬ 
monium (‘arbonal<‘ in its solution, by nuains of 
tli(‘ lilowjtipe (Sec. 77, lO). 

(bh) The preetjidale dis(fpjiears. This indicati's sUm'iuc 
urn or arsonc lo)}. A portion of the original 
solution is treated witli s<»(lium carbonate. 

(aa) .1 ivhtle precipitate m Joined. This indicates 
stannic ion. Confirmation is obtaini'd by 
reducing tins ])rocipitate with ]iotassium 
cyanuhi and sodium carbonate, or with sodium 
format!', Ix'forc the bIow]>ipe, or in a crucible 
(Sec. 87 or 88. 17), or by testing the original 
solution witli ammomum nitrati' (Sec. 11). 
ipp) No preopitafe is formed. This iiidicati's 
arsenic lonsd IF the solution contains tii- 
valent arsi'iiic the yi'llow pr(‘ci[)itate was 
produced immediately liy hydrogen sulphide. 
Confirmatorv tests are applied to the original 
solutinii as described in Sec 89, () and 8. 
IE th(' solution ('(intains pentavuleiit arsenh- 
till' precipitate w;is pro<luced by hydrogen 
sul[ihido only alter heating t!u' lapiid, or 
allowing it to sland for soini' tiiiH'. Con- 
lirmatory tests are a[)phed according to 
Sec. 90, 5. 8, and 9. 

(y) The precipitate v.s oramje-eoJoHred. It consists of 
antimony sulpliide, and indicates the jiresence of 
antiinonif ion. As a confirmatory test the original 
solution is tn'aled with zinc in a platinum basin 
(Sec. 91, 9), and the stage of oxidation in whicli the 
antimony is present is determined as in 8ee. 92, 13. 

I If arsenic ion lias been fenind tlic solution may still contain a cation. 
If the original substance \\a.M solubh! in water this can only bo an alkali 
metal ion. Tc.sts for Ihi.s arc applied to the liltratc from tbo arsenic HuipliKlc, 
which has ])rcvion.sly been boded to remove the hydrogen sulpbidc. If tl'‘“ 
substance was not soluble in watiT it is best cxainiiicd by llu^ methfid used for 
mixed compounds. Arsenic may also be present as cation, r.j/. in arsenic 
trichloride. Hence, if no other c.atinn has been found, the solution istestcdfoi 
halogens according to (73). 
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(3) The ‘prvcipttulc ?■<? dark hrotvn It is st<aini()iis sulphide, 54. 
and indicates the presence of divalent tin. As a con- 
finnatory test a portion of tlu^ original solution is 
treat(‘(l Avith luenniric cJiloride solution (Si'C. 87, 10}.^ 

(e) The precipitate broivni'^h-hlack or black. It may be 55. 
tlie su]])hi<le of lead, divaltmt m(*r(‘ury, eoj)pcr, bismuth, 
;^^()ld. or platinum. To d(‘tefiuine the point the 
i‘ol]owii \;4 tests are aj>p]ied to the ori.i’iiial solution: — 

{a<() Dilute sulphunc acid js addt'd to a portion of tlie 
solution A Avhit(‘ precipitate indjcat<‘s lead iott. 
JVdassium chromate i.s us(“d as a confirmatory 
t(‘st (*Se(;. 72, 12). 

(/>/>) A portion of the solution is treated with potassium 
or sodium liydroxide solution until the reaction 
IS str<m<;lv alkaline. A yellow jirecipitate in¬ 
dicates jucrcario loa. Stannous eJdoride or metallic 
copper is used as a confirmatory test (S(‘c.. 74, 

() and f*). 

'The ]ueseuc<‘ of mercuric ion may, as a rule, be 
r(‘(M.)giilsctl liy th(‘ tact that the prcci]utate, which Is 
formed on (lie addilmn of hydrogen suljdiide water, 
docs not l)e< <nnc hlack immediately, hut only after 
the addition of e\c(‘ss of tiu* precipitant does it 
change succc's.'^ively tliiough white, yellow, and 
orange into black (Sec. 71, 3). In the case of very 
acid solutions tlu- test with potassium and sodium 
hyilroxide solution is not apjilicable (,See, 74, 4). 

(cc) Rxe.ess of ammonia soIuti<m is adiled to another 
portion. A bluish [)roe.ij>itat(\ xsliich dissolves 
to an azure liluo solution in excess of ammonia 
solution, or a blue solution without a prcci])itatc, 
indicates cujirtc io)i. Potassium fcrrocyanidc is 
used as a conlirmatory test {Sec. 7.5, 10). 

{(Id) Jf a while pn'cipitate insoluhli'. in excess of am¬ 
monia solution lias been obtaiin'd in (or), a portion 

' ff a lirownish-blaciv profijntato <4 liismutli sulphide apjM'urs to ho hrowai, 
a nu,stake may ho mado hero, .'since m tlie tost with morcmic oldondo a white 
profiipitato of bisimithyl ohlonde may ho obtained. Jf tlio liquid is ronilerod 
strongly acid with hydrochloric ac.ul, tlu.s pn'cipitalo is not formed, whorcaa 
stannous compounds give a procipit-ati; wnth merourio «-hloride. oven under these 
«'on<litioiifl. Moreover, the grey precipitate of nu'tallie mercury, \vlii<4i a 
soliition containing stannous ion gives amIU nKM'cuiio I'liloridc. is not obtained 
"ith a bismuth solution. 
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of this preci])itatc is dissolved on a clock glass in 
one or two drops of hydrochloric acid diluted with 
two dro])s of water, and niore water is added to 
the KoJution. Tf a milky turbidity is produced it 
may J )0 due to Jjismutiiyl (-liloride, and the ]>re.scncc 
of bisinulli ion is indicated.! As a conlirinatory 
test a few <lroj)s of tlio original solution are treated 
with a sodium liydroxido solution of stannous 
cliloride (Sec. 70, 11). 

(cc) A portion of tli(‘ original solution is treated with 
ferrous sul])hatc sohition. A line brown mctallni 
precipitate indicates the ions of (jold. As a con¬ 
firmatory test the preci])itate is lioat«*d f)cfoi'G the 
hl(>w[)ipe, or iJie original solution is tested with 
stannous cldoride (Sec. 81, S, v). 

(jff) Aminouiuni (Oiloridc and alcnhol arc added t(» a 
})()rti<)n of the original solution, coiiccntrati'd by 
ova])orali()n if necessary. If a \cllow erystalliiK* 
jiri'cipitate is formed the ])res(‘nce of plaliiimii 
■HOI is indicated. Confirmation is obtained by 
igniting this ])rec.i[)itat(‘ (Si'c.. So. G). 

56. 8. A ])ortion of tln^ original solution is tnaded with ammonium 

chloride,- then with amiiioiiia, solulion until the nsiction is 
alkaline, and fnally (whether or no animoma jirodiuaai a pre¬ 
cipitate) with a little ammonium sulphide, and gmitly heated if 
no j)reei]»itate was formed in the (.okl. 

(d) No prccipilale is fornml. Tlio aiial)'sis is cont min'd at (G2), 
for iron, cobalt, nickel, manganese, zinc, (•liromium, 
aluminium, and silicate ions cannot be present.® 


^ If bismuth ion is nol found, the while ju-ccijiilato ]U'oduccd by ammonia 
indicates increurio or lead mn, wliich lias eseajx'd detection in (<■/«) or {i)h), and 
special tests for avIucIi should now be applied. 

2 Jn order to jircvent llio ammonia jireciiiitating any magnesium ion that 
may be present. 

* This iH only eoiidusive as regards aluminium ion and the ions of many of 
the heavy iiKitals menlioiled, when organic suhstanees, and espeeially non- 
volatile organic acids, are. not jiresenf, since such suh.stances by forming com- 
jilex ions may influcTuc! or [»r(“V('ut the pnadpitation not only of aliimiiiium 
ami chromic ions but also of manganous ion (f/. tSiiC. 58, 5). If, therefore. Ilie 
original subslanco contains orgatiu- Hubsfancos, and the preliminary examination 
indieati's the presence of a metal of the third or foiiith groiifi, a portion of the 
substance should lie fused wj(h sodium c.iibonal.e ami nitrate, the fusi'd mass 
treated Avith water, beate<l with liyihochhule acnl, lh(‘ liquid lilG‘red,and the 
filtrate tested according to (5G) {rf. Cliaji. Ill , No. 1). 
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(6) A precipitate is formed. 

(a) It is black. This indicates ferrous,nickel, or cobalt 57. 
ion. A stnali part of the ori”inal solution is treated 
with potassium or sodium hydroxide solution. 

(aa) A dirty "reenish-white precipitate is obtained, 
which .soon becomes reddish-brown in the air. 
and when boiled changes to f'rc)- or black. This 
indicates ferrous ion. A conliriiiatoi'y test is 
made with pota.s.sium ferricyaiiide {8ec bl. 10). 

(hh) A pale yreeii precipitate is obl.aiiied. which does 
not cliange, in colour eitlier in (he air or when 
boiled. This indicates nickel mn. A confirma¬ 
tory test is made with ammonia solution, followed 
by .sodiiiiu or pota.ssiiim hydro.xide .solution, or 
with dimethylglyo.xiiie (Sec. .b'J, M, 18). 

(ee) A pale bine precipitate, becoming light red or 
di.scoloiired and brownish when boiled, indicates 
cchalt -KM. A confirmatory test is made by means 
of bora.x beads (Sec. (10, 24), 

(/S) It is not bl'ie.k. gg 

(ml) If it is fle.sh-coloiired, it is niancaiie.sc sulphide, and 
indicates the jireseiice of niioi'iiinoiis ion. As a 
confirmatory test .sodium hydro.xide is added to 
the original solid ion. or the original sid.).stance is 
fused with .sodium laiboiialc, or o.xidised to 
permanganate ion (iSec. 58, (i, I'.l and Id). 

(bb) If it is bluish-green it is c/iroinie lijidrcKiide.- Tor 
coiifirmation the original solution is treated with 
sodium hydro.xide or the .substance is fused into 
an alkali pbo.sjiliatc bead (Sec. 11, 1 and Id), 

(cc) If it is white ^ anil does not dissobe. when heated gg 
with more amnioniiim sulphide t it may be 

^ Ferric ion must fiiivo already been detcctiMl in (a I). If it w.is overlookcil 
iliciT* a rc(l-l)ni\vii [ircuijutatc is jiroducefl imtiicdiulfly witli sodiuiii liydroxidc. 

~ Ujfdcr cfitaiu conditioDn inangunoua ion lu.i^ hIm) \>c jiiTTJjulatod as 
!iiaii<;aiious Hul|)liido (See. 5S, 5). 

Jf till- ainnuinia or arninoiuuni sui[)lude solLdions u.H<‘d (.(mtain ammonium 
'■'U'lionatfi, or tho ammonuun sulpliniti soJutioii oonl.oiiH .sul|ihali“, any ijio- 
formed may aKo bt* the carboiiatt* or suljffiato of an alkali mclal In 
'loiiblful eases the reagents should be tested with bainim ehluiido and only 
Osed if they remain cl(‘ar (Chap. J IJ.» 2^0. 40). 

* A white prcoipitalo jirodueed by ammonium snljihide and dissolving 
'vlien heated with excess of the pi'oci[>itaiit would be su)]ihnr, w'hieh would 
be precipitated by the action of a substance such as a feme) aiiide, capable 
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cUoride, indicates aluminium ion. As a 
confirmatory test the washed precipitate is 
heated with cobaltous nitrate solution before 
the blowpipe (Sec. 40, 12). 

62. 4. A portion of the oripiniil solution is treated with ammonium 

chloride, ammonia solution i until the reaction is alkaline, and 
ammonium carbonate, and gently heated. 

(rt) No ‘precipitate formed. This indicates the absence, ol 
barium, strontium, or calcium ion. The analysis is con¬ 
tinued at (64). 

63. (6) A precipitate is formed. The presence of barium, strontium, 

or calcium ion i.s indicated. 

The precipitate is filtered off, washed ^ and dissolved 
in dilute hydrochloric acid, the solution evaporated to 
dryness, the residue heated with a little water, the liquid 
filtered, and a portion of the filtrate treated with an equal 
volume of calcium sulphate solution. 

(a) No turhiditij ?s produced, even after .b to 1.6 inmutes 
Calcium ion. is indicated. As a confirmatory test a 
portion of the original ^ solution is boiled with a 
concentrated solution of ammonium sulphate, tlu 
liquid filtered, and the. filtrate tested with ammoniun 
oxalate (Sec. 36, .3 and 5). 

()3) No lurhiditij is produced at first, hut the solution hecome; 
turhid after some time. Strontium ion is indicated 
A portion of the original solution is treated with hydro 
chloric acid and evaporated to dryness, and the colora 
tion imparted to a flame by the residue determiner 
(Sec. 3.5, 10). 

(y) A precipitate is formed immediately. Barium ion ii 
indicated. Confirmatory tests with silicoliydrofluorii 
acid or potassium chromate are applied (Sec. 34 
C and 9). 

‘ The liquid must remain clear, otherwise more ammonium chloride mus 
be added. 

* If the substance was insoluble in water (Roc. 100, 84,«) the precipitat 
produced by ammonium carbonate is boiled, before the treatment with hydro 
chloric acid, with excess of sodium carbonate solution, because otherwise tin: 
precipitate might under certain conditions be, not the carbonate, but the borat 
or an organic salt of an alkaline earth metal. 

® If the original substance was dissolved, not in water, but in acid (cf. 84, a) 
the remainder of the solution which is to bo testrul^with calcium sulphat' 
according to ((ill) is used instead of the original solution (see footnote 2). 
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U. The solution tested in (62), in which ammonium carbonate pro- 64 . 
duced no ])recipitate, is treated with sodium ammonium liydrogen 
phoaj)hatc, a little more ammonia solution added, and the sides 
of the vessel gently rubbed with a glass rod. 

(a) No frecipitatc is formed. The ab.sonce of magnesium ion 

is indicated. The analysis is continued at (65). 

(h) A rri/.slaUiiie preeipiliile is fornod. Miopicsiitm io)t. l is 
indie,ated. 

0. A small j)ortion of (lie original solution is evajiorated in a jilatinum 65 . 
or pcnTclaiii hasiii. nnd thc’ rosuluc jfcntly Should 

curldoTiisation (xcur, owiu^ to tlie prcs(‘iice of or^iuiio substances, 
llie boating is continued ut a moderate! temperature for some 
time, tlie carbonacc'ous mass extracted with hot water, the 
liquid filtered, the filtrate evaporated, and the residue gently 
ignited. 

(n) No residue is left. In that case a tost is made for ammonium 66. 
ion. by adding calcium hydroxhh' to tlu‘ original solution, 
and noting \vhethcr gaseous ammonia is liberated ; it may 
be identified by its odour, by the fumes it jiroduccs with 
acetii; acid, and by its reaction on moistened test paper 
(Sec. 30, 4). 

(b) A mm-volaltle residue is left. This indi(!a.tes potassium or 

sodium ion.^ A portion of the original solution is treated 
with jilatinoliydrochloric acid or sodium hydrogen tartrate 
or, if Iiorato ion is ])resent, with percliho'ic acid (Sec. 28, 

A and b), the tiil)(‘ well shahen. and its sides rubbed with 
a glass rod. If the solution has an alkaline reaction it 
must first ho neutralised with hydroeliloi ic acid (if dilute 
it must be concentrated by evaporation) ; and if an organic 
acid is present, the residue obtained in ((> 0 ) is dissolved in 
a little water, and the solution divided into two parts, 

071C of which is acidified with hydrochloric acid and tested 
with idatinohydrochloric acid. 

^ The crystalline nature of tla* proei 2 >itate can oa.sily ho recognised if it is 
fiiiowcU to stiinil for soino time, and the test-tube then closcfi and inverted. 

I lie small crystals will tlien be found upon the sides of the tube. A Jloccid< til 
j'O'cipiliato may be due to aluminiuni ion, overlooked in (.-)!)) or (liO). 

• tf an auion of an acid which docs not volatilise wlien heated is jiresent 
('■f/. phosplioric acid, boric aeid), or of an acid such as liytlrofcrrocyanie acid, 
vvhich is deoomposeil on ignition, but leaves a residue, this eoucliision cannot 
I"’ drawn, since under sucli cfuiditions even an ammonium salt dooa not 
Volatilise completely. If there is reason toa.ssumo that tliis i.s the case, a test 
i-i m.ide for ammonium ion as in (d(), a), and if the result is negative for potassium 
‘ChI sodium ions, as in (00, h). 
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(a) No -precipitate is obtained emi after 10 to 15 -miimh-s. 
Mium ion is indicated. As a confirmatory test 
dipotassium dihydrogen pyroantiinonatc is added (in 
tlie presence of an organic acid, fiot to the oricfinal 
concentrated neutral or alkaline solution, but to the 
second portion of the solution of the residue from the 
ignition), or the flame coloration is noted (Sec. 29, 

3 and G). 

()3) A ydlou’ or -irhilc cri/slalli»e precipilalc is ohtaimed. 
'I’his indicates potassium ion. Conlirmation is obtained 
b\- means of sodium hydrogen tartrate or ])erchloric 
acid, or by means of the flame (-oloration (Sec. 2S. 
■I, , 0 . and 11). 


Simple Compounds. 

A. Huhsianccs soluble in water. 

Detection of the Anion. 

1. Inorganic Anions. 

Skc. 1.‘)8. 

(leneral Stirivi/ 

In ,so far as it is necessary to test for the |)resence of anions winch 
have not already been delected in testing for the cation, successive 
tests should be a|i|)lied by moans of the grou]> reagents—hiiniim 
ckloride (for siilpliute ion), e<dcivin eldoride (for ineinbers of the 
third division of the first group), and .si/i'cr nitride (for the second 
grou|i of anions), and finally by means of se]iarate reactions distinc¬ 
tive of borate ion or of the anions of the, third group. 

tspecial process. 

It is necessary to considi'r first of all which anions may accompain- 
the cations which have been detected in the substances soluble iii 
water (c/ Appendi.v IV.), and to bear these in mind in the following 
scheme of e.xaniination, as well as in connection with the results of 
the preliminary te,sts, 

07 1. Arscnile and arsenate inn. and also .silicate ion. will already have 
been found in testing for the cation (52), ((iO). 

0g 2, The jiresence of rarhonate ion, .sulphide -ion, chromate wn. and 
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fcrricyanoijen ion will also have been detected in the above 
(lesisribed process of testing for the cation. The two best may 
be recognised by cJJcfVi'^iciny on the odilliion of liijdroeklone acid ; 
the esea])ing gases, carlioii dio.xide and hydrogen sulphide, may 
readdy be distiiiguished by their odour, whilst, if necessarv, 
the presence, of carbon dioxide may be conlirnKul by means of 
lime water (Sec. 114, 4 and 5), and that of hydrogmi sulphide 
by means of lead ae.etate solution (Sec. 124. 4). These reagents 
may also be used for tin*, direction of free hydrogen sulphide 
and free carbon dioxide in aipieous solution. The presenci', of 
rdiromatc ion and ferricyanogen ion is indicated by tin* separa¬ 
tion of sul[)hur and change of colour on the addition oi hydrogen 
sulphide water (51, footnote). A solution ot a lead or silvir 
salt IS used as a coniirmatory test for chromate ion (Sec. lOl, 

<S and 7), and ferrous suljihate to <a)idirm tlie presence of ferri- 
c.yanogeii ion (Si‘c. 122. 2). 

.A portion of the aipieous solution (diluted siilliciently with water 69. 
if conceiitiated) is aiudified with hydrocliloric, acid, or with 
lutiic acid if silver or mercurous ion has Ixam detected, and 
lieated with barium chloride or nitrate. 

(a) The li<iuid fenunns clear. This indicates the alisence of 
sul))hat(i ion 'The I'xammation is continin'd at (TO). 

{(/) .1 Jinehj jodeendeiil white prenpHate cv ohtaiHfd. This 
indicates .sulphate loa 'Fln^ jiriMupitate must nmiain 
insoluble (wam on the ad<litiou of more hydrochloric or 
nitric acid.' 

I. Another portion of the solution, which if acid has been i<‘ndered 70. 
iK'iitral or slightly alkaline with ammonia .solution, and filtered 
if necessary, is treated with calcium c-hloride .solution, diluted 
with 4 to 5 jiarts ot w-atin-. 

fu) No preeipttate is fornted. This indicates the absence of 
jihuspliate, oxalate,- and lluorine ions, and of any 
eunsiderable ijuantity of borate ion. '\'\\v anuly.sis is 
eoiitiiiued at (73). 

' A white prccipitato may bo produced by barium chloride or 

if the luiiud is .stromjl>j acid and a rclativ<4y larg»; amount of tlio barium 
solution lias boon addc(i; it dis.solvcs on diluting tho liquid with a largo 
'luantitv of water. 

“ If th <5 cation should h(i clironiic or ferric ion. tho iioii-o<'curronce of a 
I>rocipitalo on tho addition of calcium cliloridc docs not ]>rovo tiiat oxalftl .0 
mn la absent (See, 112, end of 4, p. 433). hi this case a portion of tho original 
Hut»'.itanco should bo tested for oxalic ivoid by means of concontrated sulphuric 
iuid, or .sulphuric acid and mangauoso dioxide (yec. I JO, 1) or 10). 
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(6) A precipkate is formed. An excess of acetic acid is im¬ 
mediately added. 

71 . (a) It dissolves readily. This indicates phosphate or borate 

ton. A jiortion of the original, solution, which if acid 
is I'endoied slightly alkaline with ammonia, i.s treated 
with magnesia mixture ([i. .‘542, footnote 1). A 
erystallino preeiiiitate indicates the presence of 
pho.sphate ioii (Sec. 1117, 7). A test for borate ion i.s 
made as in (70). 

72 . (fi) The precipitate doe.s not dissolee, bnl the liquid appears 

mtlky even, after the addition of acetic aeid, and the 
■precipitate is pHlverulrnt. This indicates oxalate 
ion. As a confirmatory test the original substance 
is treated with manganese dioxide and sul])huric acid 
(.Sec. 110, 10). 

(y) The precipitate, dis.sohes ■with dijficully and usually 
incompletely, and tiu: ■insoluble qiortion ■is transparent 
and flocculent. This indicates fluorine ion. Its pre¬ 
sence is continued by its etching action on gla.ss (Sec. 
111 , 0 ). 

73 . 5. A fresh portion of the solution is acidified with nitric acid and 

silver nitrate solution added. 

(a) The, liquid ■renuiins clear. 'I'his ju’oves di'timtely the absence 
of chlorine, bromine, iodine, ferro- and ferncyanogen ions, 
also of thiocyanogen ion and jirobably ol cyanogen ion.* 
The analysis is continued at (70). 

(h) . I preeijiitate ts formed. 

74 . (a) It is or</nf/f-col(>iim{. 1'liis indicates fcrnci/amxjcn wh. 

As a confinnatory test the orif^imil solution is treated 
with ferrous sul[)hate (Sec. 122, 2). 

(j3) It is white or yellowish-white. The preci]ntate is treated 
with excess of aninionia solution, directly when the 
cation belongs to tlic first or siauind group, but after 
separation and washing when the cation belongs to a 
liigher group. 

75 . It does not dissolve.' eviui on heating, iodine or 
fcrrocyunoyen ion is indicated. In the former case 

' Of the soluble cyanides niiTcuric cyanide in particular is not precipitated : 
whether this is to ho taken into eonsnlcnition is mdicated by tlic nalui*o of (li<‘ 
cation detected ; for the method of detecting cyanogen ion in such cyanides, 
see Sec. 120, 14. 
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the precipitate is pale yellow, in the latter white 
and gelatinous. The presence of iodine ion is 
confirmed by means of starch paste or carbon 
bisulphide and nitrous acid (Sec. 119, 10 or 12), 
and that of fciTocyanogcn ion by mcan,s of ferric 
chloride (Sec. 121, 2). 

(66) It dissolves with dilliculty in the c(jld, more readily 
on heating. Bniiiime or lhi<ici/iiiioij<"ti ion is in¬ 
dicated. The, ])Tesencc of bromine, ion is con¬ 
firmed bv testing the original solution with chlorine 
w'ater (Sec. lIcS, (i). and that of lltioci/oiuxjen ion 
by means of ferric eliioiide (Sec. ]2.'l, 3). 

(cc) It dissolves reailily, even in the cold. Chlorine or 
cijotioyrn, ion is indicated. If cyanogen is present, 
the original substance will n.sually have had an 
odour of hydrocyanic acid. As a confirmatory 
test a solution of a ferrous and ferric salt and 
sodium hydroxide solution are added to the original 
solution, and then after a short tirne the liquid 
reinlered acid with hj'drochloric acid (See. 120, 7). 

If a cyanogen ion was not present, the silver 
precipitate will be due to chlorine ion. A jjortion 
of the original substance will tlnm yield chlorine 
when heated with manganese dioxide and sul¬ 
phuric acid (Sec. 117, 7). 

G. d'o prove tin* [)rcsenoe of borate, ion, or. under certain conditions, 76 . 
to detect small (|nantitie.s thereof, hydrochloric acid is carefully 
added to a portion of the original solution until the reaction is 
distinctly acid, and a strip of turmeric paper partly dijiped into 
the liquid and dried at 100°. It the moistened half of the paper 
appears brownish-red and when moistened with ammonia 
solution becomes bluish-black, boric iieid is jiresent. Confirma¬ 
tion is obtained by the flame coloration (8ec. Iu9, 0, 7, 8, 
or 9). 

7. The pre.sence of nitrate ion and chlorate, inn will usually have been 77 . 
indicated by the jireliminary examination (b). The presence of 
the former may be confirmed by means of sulphuric acid and 
ferrous sulphate (Sec. 130, C), and that of the latter by testing 
the solid substance with sulphuric acid (Sec. 131, 7). 
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Simple Compounds. 

*1. SffU'ifaiiccs .■<oluhle in water. 

Detection of tbe Anion. 

2. Organic Anions. 

Sev. 159. 

(icficral Surev//. 

Tim io?i of ()ri>aiiio anions l)y moans of the folU)\vin^ scheme 

])rcsu])])oscs that Jiydrojicn or an alkali metal or ammonium is {mosent 
as cation. Jf this is not the ciiso, tlie cation imist he separated. 
Hence in such cases the [iroiiaration of the solution precedes the 
actual examination. 

The examination consi.sts in the use of the ‘•lou]) roa<*onts calcium 
chloride and ferric cliloride. followed hy sjieeial ti'sts for the individual 
anions. 

In the lirst jilaci* it is necessary to conside-r what anions may 
occur in association with the cations detee.ted, to form com])ounds 
solubh' in water (c/! Appendix IV.), and in the lollowing tests to have 
regard to this as w'cll as to the results of the prohminary examination. 

Pr('}>i(r(iti()}( <if ihr Sohdioti. 

If the substance under e.xamination contains the anion to he 
detected in the form of an acid or alkali salt, it is suitable lor 
direct examination in aiaamhincc with (79), etc., but if another cation 
is pri'sent such cation must first he removed. 

]n most cases this is elVected by boiling the. substance or its 
concentrated aqueous solution with sodium carbonate solution, and 
filtering off tlic precipitated carlionate or hydroxide of the (nation 
to bo removed, if it is found dillicult to sej)arate tin* cation in this 
way, it may be jircc.iiiitated, if it belongs to the fifth or sixth grouj), 
by adding hydrogen suljihide to tlie solution acidified with hydro- 
(diloric acid, or, if it belongs to the fourth group, by adding am- 
monium sulphide to the ammoniacal solution, the preci]ntate filtered 
off, the filtrate acidified with hydroidiloric acid if the precipitation 
was effected with anmiuniitm sulphide, and the hydrogen sulphide 
removed by heating ami shaking tlic liquid (Clhap. III., No. 77). 
Any sulphur jirecipitated is separated by filtration. 

If a cation of the third group is present whicli cannot be separated 
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by boiling with sodium carbonate (wliicli may be the ease \vith salts 
of iion-volatilo organic acids, owing to com^jlcx formation), the 
solution is treated with lead acetate, ((dl;j(‘00)oVI), the j)recipitate 
(the. lead salt of the anion to be detected) lillered oil, \\ashed and 
distributed in water, hydrogen sidplude introiluccd, the lead sulphide 
hltcred oil and the cxci'ss of hydrogen sul])hide removed by heating 
and shaking the liltrate. 

i\luminium ion in such casivs may also he prechjiitated as aluminium 
silicate by moans of sodium silicate (water glass) soint ioii. 

If it IS a (pi<‘Htion of detecting acetate or foniiati' lun. acetic or 
furmh; acid may be scjiarated from th<5 cat ion by dist illatimi of their 
salts with sulphuric acid, and detected in the distillate. 

AcLhuI lii'dinination. 

iUmtntnifUilc ton will alr(‘advhavc Ikmui delected, (55, d) or (47), 79. 
footnote 2, j). .'iTO. l[en<;(‘ i1 ne<*d not he taken into «-oiisideration 
hen'. 

1. A portion of the solution, if alkaline, is aiidihei! with liydro- 
chloric acid until tin* reactnui is .nad. (If carhon dioxide is 
liberated thereby, it must he renn>ved by In'ating and n'jieatedly 
shaking the solution {(.Miap. Ill . No. 77). Excessively pro- 
traeted heating should lie a,voided to jn'ovent acetic, or formic 
acid being expelled ) The acid or neutral solution is reinlercd 
alkaline by the addition of ammonia S()lution, and tln'ii treated 
with ammonium chloride and calcium chloride in not too small 
a quantity. 

(f/) No pm-ipitolv IS fonucdy v.ccn oh sliaknHj and allowunj the 
litjuid to stand for samr tnnv. This intlicates the aliseinie 
of oxalate and tartrate ions. The analysis is continued 
at (8(J). 

( 6 ) prreipilate is fonnal. 

(a) ll IS fonnid onl/( after sonic Irme and is crystallvne. 
Tartrate ion is indicated. Contirmation is obtained by 
testing the behaviour of tlui washed jU'ecipitate towards 
freshlif prepared sodium hydrnxide solution, or by 
testing the aijueous solution with ])otassiiuu acetate 
and acetic aciti, or by treating the |)rec.ipitate produced 
by calcium chloride with resorcinol and sulphuric 
acid (Sec 151. 5 and 17). 

{p) If is formed inDnedialeh/ and ts jineh/ pnleerulenf. Oxa¬ 
late ton IS indicated t'oidirmatiou is obtained by 
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testing a fresh portion of the aqueous soJution, acidified 
with acetic acid, with calcium sulphate solution 
(Sec. 110, 7). 

80 . 2. The licpiklfrom (1 , a) is treated with about three times its volume 

of alcoliol, and allowed to stand for some hours in a closed 
flask. 

{a) ll renutms clear. No citrate, inalato, or suooinate ions ai’e 
present. The analysis is continued at (82). 

(h) A ivhite precipitate k formed. This indicates citrate, malato, 
or succinate ions. Tlie j^recipitate is filtered off, dis¬ 
tributed in a little water and treated with hydrochloric 
acid, added drop by drop, until solution lias just taken 
place, aftei' which the liquid is luxated in a llask with (‘.\'c,ess 
of aniiuonia initil it is boiling ^entl}', and then alloweil to 
stand for some tinu^i 

(a) The li(pud rcniaim clear, (htrate ion is absent. The 
analysis is continued at (81). 

(P) A keavij white, precipitate is foniwd. 'I'his indicates 
citrate ion. As a confirmatory test tluj lead salt 
the acid i.s propari'd and washed, and its Ix'.haviour 
towards ammonia solution (in which it should dissolve 
readily) is detennined ; or bidter, the liarium salt is 
])re])ared, and its characteristic microseophjal appear¬ 
ance observed , or Stahre’s leaotion is used (bee. I-jG. 

(i. 5, and lU). 

81 . 3. A [lortion of tlie oriifinal solution, or of that jii-iqiared according; to 

(78), if not already neutral, is neutralised with ammonia 
solution or hydrochloric acid, and treated with a neutral 
ferric chloride solution. If a pale brownish-ial precipitate is 
formed, the presence of succinate ion is indicatcal; if the lupiid 
remmns clear, mdate ion is indicated. As a conllrmatory test 
the lead salt of the acid in (pu'stion is prejiared, and its ])ro()crties 
determined {cf bee. 137, G, and bee. 138, G). Tlio malate ion 
should also be converted into fumaric acid (p. 500). 

82 . 4. A portion of th<^ original solution, if not already neutral, is 

neutralised witli ammonia solution or hydrochloric acid, and 
treated, at first with a very small, and then with a somewhat 
kirgm* quantity of neutral ferric c]il<.)ridc solution. 

(a) A voluminous, flesh-coloured precipitate is fornu'd. This 

^ Care Bhould bo taken that the liquid remains alkaline, ami, if necessary, 
more ammonia sliould b(‘ added. 
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indicates benzoate ion. For confirmation the original 
substance is tested by Mohlcr's reaction (Sec. 141, 9). 

(6) A 71 intense violet coloration is 'produced. Salicylate ion is 
])iesent. 

(c) The liquid ussanics a /airly 'inlense deep red colour, a'ud when 
boiled yifdds a iiylil reddish-brown precipitate. Acetate or 
formate ion is indicated. 

A [KU'tioii ()I tlie original solid substance, or tins residue 
obtained by evaporating the solution (which, if acid, is 
tiist neut ralised witli sodium liydroxide), is lieated with 
coiK^entrated sul])hurio acid and alcohol (Set;. 144, 8). 
Aeetale ion may be recognised by the odour of ethyl acetate. 

Fonnafe 70 //, th<‘ ])rosen<‘<* of which may l)e assiinnul 
when no acetate ion has Ix'en found, is recognised by means 
of mercuric cliloride and silvm* nitrate (8ec, 143, G and 4). 

Simple Compounds. 

B. Suhslanc(\s insoluble or dissolriny with difumlty in hydrochloric or 
nitric acid or aqua reqia. 

Detection o£ the Cation. ^ 

8 ior. IGO. 

(iencral Sarvey. 

The detection of tin' cation of a simple <-omjHnmd in a solution 
efl'ei-.ted by acids follows essentially the sanu eouise as has been 
described in the case of aipteous solutions (t^ec. lo7). A dilference 
occurs, howi'ver, in applying tlie test with uunnoniu <nal auimonium 
sulphide, after tin; absenceof meinbersof (li-oups \ . and VI. has been 
])rovod, since from acid solutions not only the cations of the fourth 
groiij) may be jirecijntatcd as sulphides, and those of the 1 hint group 
as h 3 *droxides, but there may also be a precijhtation of the cations 
of the second groii]) as jihosphates, borates, Ihiorides, tartrates, and 
citrates. Hence, on the one hand, if chromic ion has been detected 
it IS necessary to test for phos])hate ion. whilst, on the other hand, if 
a wliite precipitate is [iroduced by ammonia and ammonium sulphide, 
it is necessary to consider wheth<*r it may be not only zinc suljihide 
or aluminium hydroxide, but also aluminium pho.sjihute or one of 
the alkaline earth salts mentioned. 

' [a this achomo attention is also given to ccrtaui salts of the alkaline earth 
metals, since these are met with at this stage. 
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It is obvious that further tests for alkaline earth metal ions 
must })c Jij)}))iod lo a solution which has given no precipitate with 
ammonia ami ammonium sulphide solution, since they may bo 
present in tlie original substance in (^om]>ination witli other anions 
than tliose nuuitioned abovi*. 

Acludl E.uinuhdlidn. 

83 * 1 . A portion of tlie solution m hydrochloric or nitric acid or aqaa 
n'dia is diluted with water,i and the solution, if obtained by 
means of nitric- acid, tested for sdvfi\ tnercurons and large 
amounts of lead wns by im^ans of hijdrochlonc <icid, (4()) to (41)). 

if the solution was ellectcd by means of liydrochlorK^ acid or 
(fqua fVffiaA or if no jirecipitate was ])rodiict‘d on adding h}'dro- 
chloric acid to a nitric, acid solution, a jiortion of the lujuid is 
treated with liifdnxjcn sulphide ivaier m large excess, and tested 
for the cations of tlie second division of the jiflh i/roup, for lend 
ion.y the cations of the sixth prinip, and ior feme ion as m (50) 
to (55). 

Jf a cation ol the fifth or sixth group has not been found, the 
analysis iseontinued at (81). 

If an ion of a nu lal which ha.s (iilfcrent valencies has bc'cn found, 
it should bo noted that .sofution.s whieli ]ia\e Ix en obtained solely by 
means of liydrochloiic acid u.suallv contain tlu^ metals iii tlie eonditiou 
of \aieney in whk h they wetc present before solution, whereas in th«' 
ease of solutions obtained by means of nitric acid or aipia n qia then- 
will generally have been a (;om\ ersion, partial or eoniplete, from lowei 
into higher condition.s of valency. Hem;e, if, for example, an aqua 
rcj/iusolution lias been projiared, and ferric ion,nK‘rcuii(; ion, stuniiio ion, 
or ar.seiiate ion has been detected (lieiein, a s})ecial test is required to 
determine in what condition of valeney tin; metal was originally pie- 
sent, in so far as this (piestion lias not been answered already by the 

^ If, on the, addition of water, a white turbidity or preoijiitato is produced, 
the presence of ions of bjsmutli or antimony (jiossildy also of tin) is indicated, 
cj. 8co. 70, ,‘h and 8cc. 01, t ; also .See, 8;s, 3. 'I'he liquid is heated witli hydro¬ 
chloric aeid until the solnlioii again becomes clear, and the analysis then con¬ 
tinued at (50). If the original Hubstiinee dissolves with some dillieulty in hydro¬ 
chloric acid, the precipitate fornuMl (tn the addition of water may also las lead 
sulphate, load chloride, or silver chloride, it then only re-dissolvoa with veiy 
grciat difficulty. In siKih cases tlu* original substance shouhl bo tested as m 
Sec. 103. 

2 If tbo solution .also contains cJilorine or nitrosyl cJiIorido a sejiaration 
of sulphur takes plaei; on (ho addition of hydrogen sulphide, niul since this m<iy 
mask a yellow jirecijiitate of metallic sul]>hides, <t(pin rfifui solutions shovld bti 
hcutcd until they no lomier smell of thlonnr Ix'fort; adding liydrogeii sulphide 
water (see also Chap. Ill , No. Iff). 
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boliavionr of tho .substance towards the solvents, fn tlio case of 
mercury salts, for example, treatment of the solid substance with 
potassium or sodium hydroxide will often give an immediat<‘ decision 
oil the point, .since tho reagent prccipitat(‘s yellow mercuric oxide 
from mercuric salts and black mercurous oxide from mercurous 
salts, wliilst tlic anions may be easily d(‘tected in the liltrat'C. 

2. A portion of tlie acid solution is freed from carbon dioxide, if 84. 
iKHU'ssaiy, by heating, and if it only contains a httlo free acid, 

IS treated with aiuinoniuin eldoride, and is then rendered alkaline 
with ammonia, and treated with ammonnon, sulphide, whether 
or no a precipitate was produced bv aininonia, and the liquid 
gmitly heated. 

(r/) A preefpifale is imf prodarnl <aher hij ammoiriif or h/j 
ammoviunr saJphide. Tliis indicates the absence of cations 
of llie tliird and fourtli groupd and also, if an exitessive 
amount of aniinoniiiin salts is not present, the ab.simce of 
the salts of t he alkaline eartli metals “ mentioiK'd in (85). 

A ])ortion of the acid solution is neutralised with ammonia, 
and tots for tlie members of (Jronps 11 . and 1 .^ are applied 
as in (62) to (<>5). 

{!/) A precijnlate is formed. 

(a) A hlacl’ preeijutate indicates ferrous, uickd. or cohalt 
ions. 'I’hcy are differentiated as in (o7). 

(/3) A Jlesh-coloarrd precipilaie nul icat os maufjanoim ion. 

(Vmlirniation is obtained as in (58. aa).* 

(y) A hluish-green pnaapitati' indie-at(‘s chromic ton. possibly 
also eliromic pliospliate'* A lonlirmatoiy test for 
chromic ion is applied as in (5(8. To dtd-ermine 

whether the cJiromium is present ns pliosjdiate, the 
original iiydrocblovic, acid solution is (waporated with 


’ II. will l)(f hccii by footnote 3, p. 574, th<at this (;onclusi(>n is only con- 
(lilionally ccTtain as roixarcls alurmtmnn, clironiic (or iiiaiiganous) ions. 

“ If small (juautitic.s of tlioso .salt.s arc <h.ssolvc<l in .i. J.itgo anionnt of hydro- 
<'hloiic acid, they may remain iti solution, evi*n on tlm addition of ammonia, 
smer tlie resulting ammonium chloride checks tho ilissoeiati<m ot the ammonium 
hydroxiilo or of tho neutral salts of tho amons in queslion. 'I'ho solubility 
of bural(‘a of the alkalm^ earth metals is fairly considerable in the presence of 
ammonium salt, so that oven fairly large quantities thereof may not be preci- 
pitntcil by ammonia {<J (’hap. Ill , No. 72). 

^ <[f. also Chap. IIl.^ No. 3U. 

* Tor tho sake of complotonoss wo call attention to tlio fact that under 
eiirtain conditions manganou.s ion may also bo procipilated as green manganous 
siilphiilo {cf. See, 58, 5). 

“ CJ, also Chap. Ilf , No. 30. 
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nitric acid nearly to dryness, and tested with ammonium 
molybdate (Sec. 107, 10). 

85 . (S) A m/izl-e precipitate may bo due to zinc sulphide. If it 

was produced by ammonia alone, it may also consist 
of (iluminium hydroxide or silicic acid, or of the phos- 
phdte, ox(d<tle, horalc, silicate, or fluoride of an all aline 
earth metal, or of alumimam phosphate, since all these 
are insoluble in water, but are. s]iarin}»ly soluble in 
hydrochloric, acid, and are preci]iitated when the acid 
is iii'iitralised (since they are also but slif,ditly soluble 
in aimnonium chloride solution). If organic, sub- 
.stances are ])resent, a prcci])itato produced by ammonia 
may also be due to a tartrate or citrate of an allaline 
earth metal. 

To determine which of these substances is pre.sent, the following 
tests arc maile ;— 

86 . (au) If the behaviour of the .substance in the pre¬ 

liminary examination (L*(t) or on solution (33, c) 
jiointcd to the pre.scnee of silicate ion, a ])ortion 
of the hydrochloi'ic acid solution is cvaj)orated 
to dryness, the residue moistened with hydro¬ 
chloric aciil, and water added. Silicic acid, if 
ju'csent. remains undi.ssolved. The cation in the 
filtrate is identified according to (5(i) or (62). 

* (Wj) a portion of the original hydrochloric acid solution 
is treated with a fairly concentrated sohilion of 
potassium or sodium, hydroxide until the reaction 
is alkaline, and more of the reagent then added 
to determine whether any prccijiitate formed is 
soluble in excess of the alkali hydroxide, and the 
liquid boiled. 

87 . (uu) So permanent preeijritute is formed. H'he 

presence of aluminium ion or zinc iim is 
indicated. The clear alkaline liquid is divided 
into two portions, and to one of these is added 
hydrochloric acid until the reaction is acid, 
and then ammonia solution until it is just 
alkaline, whilst hydrogen sulphide water i 
is added to the other. A precipitate pro¬ 
duced by ammonia, which remains insoluble, 

* Sco (59, cc, 00, ;8/3), footnote 1, p. 570. 
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even alter the addition of more ammonium 
chloride, indicates aluminium ion, but a 
precipitate produced by a small amount of 
liydrof/rn xulpjiirlr valor indicates zinc ion. 
Whether the aluniiniiini was juesent as 
phos])liute is determined according to (8t, 6, y).* 
(jSjS) A pi’rniancnt jircciyitaic ix fornml. 'Phis 
indicates the presence of a salt of an alkaline 
earth metal, 'j'he following tests arc now 
applied 

1. Kor pjio.’spliatc ion and the alkaline earth metal ion accom|)anying 38. 

it, by adding aniinonia solution to the hydrochloric acid solution 
until a precipit.ate is formed, and then iimnnliatcly adding acetic 
acid drop by droj) ((Hiap. III., No. .57, h) until the precipitate 
is just re-dissolved, and finally (reating the liquid with sodium 
acetate solution and a drop of ferric chloride solution. The 
formation of a white jirecipitate indicates the presence of 
phosphate ill'll. In tliat ease a little more ferric chloride solution 
is added until the li(]uid is distinctly rod, after which it is 
boiled, filtered while boiling hot, and the alkaline earth metal 
ion, which was originally present .as phosphate, is identified in 
the filtrate (which is noiv free from phos|ihate ion), after pre- 
cijiitation with auiuionia of any fen-ic ion still remaining in 
solution ((>2) to (Ot). 

2. O.raluli' ion is detected by mixing a little of the original substance 

on a clock-glass with a, finv dro|« of water and a little manganese 
dioxide (frei' from carbonate), and adding a little, concentrated 
sulphuric acid (8eo. 110, 10). hlffeivescence indicates the 
presence of oxalate ion. The cation is identifieil by igniting a 
fresh 2 )ortion of the substance, dissolving the le.sidue in dilute 
liynlrochloric .acid, and testing the solution ais-ording to (62) 
to (01). 

.'i. for the, detection of horalc ion the dilute hydroi lilorio acid solution 89. 
is tested with turmeric jiaiicr (See,. 1(1!), .''>), whilst the cation 
combined with it is detected by boiling a little of the original 
substance with water and sodium carbonate, liltering off and 
washing the jirecipi'ated carbonate, and dissolving it in the 
smallest jiossible quantity of dilute hydroehloric acid, and 
treating the solution in the same way as that obtained in (63), 
or testing it for magnesium ion according to (64). 

* Of. also Chap. Ill, No. 57, a. 
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4. A test iov Jluonw* wn is made by heating a portion of the original 
substance, or of tJie precipitate produced in the hydrochloric 
acid solution by animonia, with sulphuric acid (Sec. Ill, (i). 
After separalion of the fluorine ion, the alkaline earth metal 
ion now remaining in tlie residue as sulphate is identified by 
treating the residue witli hydrochloiic acid, and testing the 
solution for calcium ion according to (( 12 ), and, if necessary, for 
magnesium ion according to ((i4). If neither is found, the 
residue insolubh; in hydrochloric acid is tested according to 
Sec. Ifi.'l for barium or strontium ion. 

5. Tests arc made for lurlralc and filmic ivnx (which can only be 
present if the substance carbojiised wjien ignited in a glass 
tube), and the cation in combination therewith is detected by 
boiling the original substance with a solutiorr of sodium car¬ 
bonate, and liltering the liquid. By this means the alkaline, 
earth carbonate, is left on the filter, whilst, the anion is obtained 
in the tilt.rate. The iirecipitate is examined according to (O.'t) 
and the filtrate according to (7i>). 


Simple Compounds. 

li. Siihsldncrs msoluhlf or dissolriiiij imlh dijjiciill)/ in icalcr, but 
roluhlf in acids. 

Detection of the Anion. 

1. Inorganic Anions. 

Sec. 1(11. 

Gf itcriil Suren/. 

In this case it is advisable to take into consideration, from the 
results of the solubility tests and the preliminary examination, what 
anions ma.v be associated with the cations detected, and then to 
apply tests for the individual anions in the following order 

/Vocc.s'.s' m dclail. 

90. 1. Chloride ion cannot be jiresent, for all the chlorates are .soluble in 
water. Nitride ion, which may be jiresent in the form of a 
basic salt., will already have, been det.ected by ignition in a glass 
tube ( 8 ,cc), as will also lyanniipn ion, ( 8 , 77 ). The latter will also 
usually have been identified in the course of .solution (38, 7 ). 
With regard to cyanogen compounds insoluble in water, see 
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See. 180. The presence of silicate ion will have been indicated 
in the test with alkali jdiosjjhate (20), or in the course of solution 
(33, e). As a conliriiiutory test the hydrochloric, ac.id .solution 
is evaporated to dryness and tlu' residue treated with hydros 
chloric acid and water (Sec. 115, 3). 

2. Ar.scuitc and ursetmic ion.^ carhonafe h>n, rhmmdU' ion, and sulphide 91. 

nm will already liave, been detected ni the preliniinarv exainina- 
tjon, 111 the Course of solution, or in testinj* for cations. Tims 
the presence of (^hi'oniatc ion will Jiave Ixani in<licate<l by the 
red or yellow colour of the compound, by the evolution of 
chlorine on boiling with hydroclilonc acid (33, c), and by the 
siibseyinmt detection of chromic ion in the solution. Cuii- 
iirmation is obtained by fusing the substance with .sodium 
c.arbonate (.Sec. lOl, 11). 

3. A ])ortion of (he substance, is boiled with nitric aci<l. 

(a) Jf nitric oxide gas is evolved and sulphur si'parates, the 92« 
presence of a sidphulc is continued. 

{!>) If violet vapouns are (‘volved, tin* comjiotind is an iodide*.- 
(c) If reddish-brown vapours with an odour resembling tliat of 
chlorine arc produced, the presence of a bromide may lx* 
inferred.- In this ease the vape)urs impart a yellow 
e e>le)ration to nieiist starch (.Sexc US, S). 

I. A ]>e>rtion of the iiitiic acid sulutie)ii, previously jiUea 'el if any 93. 
iiisolnhle* residue lias been left after the* treatment with nitric 
aeiei, is diinte'd, and tiendod with silver nitrate*. A white* pre¬ 
cipitate*, soluble alter washing in ammonia seilutiun anel melting 
witliout deconi[)osition w]ie*n heated, indie-ate's chlorine lonA 
A portion of the substance; is boiled witli Jiyelroclih^ric. aciel. the 94. 
solutiem liitcred, if necessary, diluteel with water, anel tre'ated 
with hariiim chloride. ff a white prcci]>itatc is formed, w'hich 
eleie.ss not disappear on tin; addition of a large amount of water, 
a sulphate is present. 

t' Tests lor horalc ion are; ajiplied as in .Sec. 109. 5, 7, 8, e>r 9. 95. 

7. if none of tlio auiems me-ntioned above has been femnd. there is 
reasem feir camcluding that phosphate, oxalate, or Jhwrine ion is 
present, or that an anion is aliscnt. 'J’lie ]>resene:e of oxalate 

‘ Hydrogen sulphide is tbo best, reagent for tliHUnguishing hetween arsenito 
aid arsenate ions in compounds which arc insoluble lu wat(*r, but dissolve 
la liydrochlorio acid. 

^ iSometimee, especially in the case of mercurous iodjd<*, bromide, or chloride, 
tia* liiilogon ions may bo detected more rcndtly by boiling tlw substance with 
t'oiassium or sodium liydroxide solution,and testing the liltratc accoi’diug to (73). 

38 
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ion will usually have beenjindicated in the preliminary examina¬ 
tion (8, ec). Since phosjjliate ion will already have been detected 
if it was in combination with an alkaline earth metal, aluminium, 
or chromic ion ; tluorine ion if in combination with an alkaline 
earth metal ion ; and oxalate loii when combined with barium, 
strontium, or calcium ion (84) to (89), it is only necessary to 
test for these cal ions whem another cation has been found. 
For this ])ur[iose the cation i.s ])reci|iitatod by boilinf; the acid 
solution with excess of sodium carbonate, and the liquid filtered. 
If this does not effect the end in view, the cation should be 
precipitated with hydrogen suljihide if it belongs to Groujis \'. 
or \'I., or with ammonium sul|)hidc if it belongs to Group IV., 
and the liquid filtered. If the cation has been precipitated 
with ammonium sulphide, the filtrate i.s aeidifii'd with hydro¬ 
chloric acid, and, w'hichever preci])itant was used, the liquid 
is boiled to exjiel hydrogen sulphide, and, il necessary, filtered. 
A )jortion of this solution is tested for o.xalate and phosjihate 
ions according to (70) and (72), after acidilication with hydro¬ 
chloric. acid, and boiling to remove carbon dioxide if it contains 
sodium carbonate, whilst fluorine ion is detected by treating 
the liquid with calcium chloride and ammonia .solution, and 
testing the separated and washed precipitate according to 
See. Ill, (). If till' cation was aluminium, chromic, or inagiie- 
siuni ion, a test for phosphate ion is apjilied according to Sec. 107, 
10 ; for oxalate ion hy means of manganese dioxiile and sulphuric 
acid (Sec. 110, il) ; and for Iliiurino, ion liy moans of sul|ihuric. 
acid (Sec. Ill, (i). 


Simple Compounds. 

B. Suhdmices tnmduhlc or di-fsolriiu/ with difliridt’i tii mlcr, bill 
soluble, in acids. 

Detection of the Anion. 

2. Organic Anions. 


Sue. i(a. 

General Sim’ey. 

in this ease the examination follows essentially the same course 
as that of substances soluble in water after the anion has been dis¬ 
solved as a sodium sail hy boiling the substauee with sodium 
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carbonate solution, or after the cation ha.s been separated and an 
aqueous solution obtained by another method. Only in the case of 
certain tests is an indication fjiven beforehand by the re-sults of the 
solubility test, the preliminary examination, and the examination 
for cations, as to what anions may possibly bo present. 

Process in detail. 

1. Fornuile ion cannot be present, since its salts are all soluble in 96. 

water. 

2. Acetate ion will already have been easily recognised in the pre¬ 

liminary examination Iry the evolution of acetic, acid or acetone 
on heating the .substance in a glass tube (10). (lonllrmation 
is obtained by means of sulphuric acid and alcohol (Sec. 

Ill, «). 

5. Cimiaiiii/latc Ion, and, as a rule, also henzoate ton and .salicijlateinyi, 
nia}- be recognised at once by the fact that the acid.s separate 
in cry.stalline form on dissolving the .sub.stance in hydrochloric 
acid, or on cooling the hydrochloric aiad solution. As con- 
flnnatoiy tests the ]n-e<'i|>itate is liltered otV, washed with a 
little water, and dis.solved in water eontainnig a little ammonia, 
and the neutral solution treated witli ferric chloride .solution 
(Sec.s. l.'t'.t, 4; 111, ; and 112, 7). To determine whether 

cninaniylate ion or succinate ion is present, a test is made with 
eahauni chloride and with manganous chloride (Sec. 159, 5 
and .3), 

1. A portion of the. substance is boiled for a considerable time, with 97. 
excess of .sodium carbonate .solnl ion, and I lie bc|nid liltered while 
hot. In most cases any organic acid [iresent will be contained 
in the tiltrato as a sodium salt. The liltrate i.s slightly acidified 
with hydrochloric acid, the carbon dio.xide e.xjielled by heat, 
and the liquid then tc.sted as described above (.Sec. 1.59). In 
the pre-senco of cations of Group IV., and also of lead ion, this 
method docs not effect complete separation. In such excep¬ 
tional cases ammonium sulphide i.s added to the liltrate, after 
the boiling with sodium carbonate, iiutd the cation is precipi¬ 
tated, and the liquid again filtered and testeil as described 
in (78). 
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Simple Compounds. 

C. Siihianocs inso/uhir or dissolnng with difficulljf in hijdrocJdoric 
acid, ‘nitric acid, ami. a<fua rc^jiad 

Detection of Cation and Anion. 

Sev. 1C3. 

General Svrrci/. 

Ins<>]ul)lo .substances may lie (Jassitied into tlireo sul)-{livisioii.s : 
insoluble elements, lead an<l silver com|)oimds, and the eompoiinds 
of the earths and alkalim* oartlis, to wlm-li may also be added silicon 
dioxide and stannic oxide. 

The members of the first i;rouj>, carbon and salphar, may l>e 
recoj^nised by their ajipearance, or will Itave been detected already 
in the preliminary examit\ation, so that they need only be identified. 
This also applies to chromic oxide. 

Tlie two other ;froUj)s are dit>'erentiat(‘d hy their behaviour on 
troatnn'nt with ammonium sulphhle. J^ead and silver conij)ounds 
turn black, wliilst tlu; others rejnam white. 

If a substanc<‘ l)elon<:(in}' to the second or third snb-division is 
])resent, and its nature has not beim asci'rtained by means of special 
reactions, it is decompose<] by fusion with ])otassium and sodium 
carbonates in a porcelain or |»Iatinum <-nieible, and the residue 
treated with water. The anion is then delected in the solution, aiul 
the cation in the residue insoluble in water. 

Process in detail. 

98. The only substances of freqmmt occurrence wliicli Iiav(‘ to be taken 
into consideration m the fullowin;^ pa;;es are barium, .slroniium, and 
calcium sulphates, calcium. Jiuondc, silicon dioxide, alunmiium oxide, 
cith<*r stroiifil)' iifiiited or of natural occurrimce, lead sulphate, chloride, 
and bromide, silver ehlonde, bromide, iodide, and cijanide, stannic, 
oxide (ignited and of natural occurrence), ignited chromic oxide, and 
lastly sulphur and carbou. With regard to simple; silicates, nd’eronce 
may be made' tei Sec. 181, and witJi regard tee ferrei- and fcrricA'anide'.s 
te) 8ec. 180. The jiroliminary examination, and often also the 
beihaviour on treatment with solvents (8, e/7), (20), (33, c and g), will 
indicate wliether sucli substances have to be taken into consideration. 

' Jf organic acids arc prc.sont, tfie; su])8tanco insolublo in acids may be cin¬ 
namic eicid. W’ltli regard to its lelcntilic-ation. see (3‘{, ft). 



SEC. UI3 DETFjCTION, OF CATION AND ANION 




CJalciulu sulphate and load chloride are not insoluble in water ; 
lead sulpliate (and silver chloride) may be dissolved in a large amount 
of hydrochloric acid. These compounds, however, are so sparingly 
soluble that they are s(ddom completely dissolved, and they are, 
therefore, again dealt with, so that, if by chance they have escaped 
detection in the examination of the ac^iioous or acid solution, they 
may be hjund at this stage. 

1. Free sulphvr must already have been recognised in the preliminary 

examination (!), aa) or (11). 

2 . (Uirhon is usually black, and is insolubh* in aqua rnfia ; it burns ^ 

<m platinum foil which is jieatcd from bcricatli, and when fused 
willi potassium nil rati* yiedds potassium (^ail)onat(‘. 

(Airomic oxulc is green or blackish-gn'en, and must alrcadv have 
been recognised in t]i<‘ ))oad test with alkali idiosjdiate in (1«^). 

1. x\nimonium sulphide is poured ov<‘r a small (juanlity of tlie 99. 
substance. 

(af The sii(>si(i7trx hrconirs hlurJzA This indicates the ])i'esence of 
lead or silver salt. 

(a) It inrlls inlhoid in (( h))hiII fuhr (.j). This 

• iialicates h'ad chloride or bromide, or silvan- (-liloride, 
bromide, or iodide. One jiart of tlu' compound is fn.se<l 
with fouj- parts of sodium and pot.issium carbonates 
in a small jxuaadain eriieibh*, the mass i-ooled -ind boiled 
with watm*, the (‘xtra(!t tiltenal, and the tiltrate tesl.iMl 
for cldoniif, browrnc, and khIihv ion aeeordiiig to (7.3), 
whilst the residue, which is either molallic silrcr or 
laid oxide, is dissolved m nitric acid, and tJie solution 
tested according to (IG). 

{fS) W/ien heofed in, a f/loss tube It evo/rrs <\qitn<><fen, tnid (eaves 
a residue of inefa/lie si/nr. 1’he prestnuu* of silver 
cqaiiidr is proved. 

(y) It does not chaiaje wlu‘n ifjnited in a i/lass tube. It is 
lead sa/phale. A portion of the suhslaiice is boiled 
with a solution of sodium carbonate, the li({uid filtered, 
and the filtrate, acidified with hydrochloric acid, and 
tested f(U* salphafe ion with barium chloride, whilst 
the residue is waslual and dissolv<‘d in nitric acid, and 

^ (iraphite can only be completely burned when strongly heated in a current 
of oxygen. 

- A sliglit <larkomng, <hie to the i)resonco of an iinjuinly. usually a small 
amount of an iron compound, is not to bo regarded a.s bluektuiiiig, and is to be 
Ignored. 
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the solution tested for lead ion by means of hydrogen 
sulphide and sulphurio acid (Sec. 72, 4 and 11). 

100 . (h) The svbsianoe remains while. This indicates the absence of 

a lead or silver salt. 

(a) A portion of the sid>stance is tested for slannie oxide 
by heating it in the lower reducing flame with a bora.'c 
bead coloured slightly blue with cu]>ric oxide (Sec. 87, 
18). if the head becomes reddish-brown or ruby-red, 
a conlirmatory test for the presence of stannic oxide 
is made by reducing a little of the substance with .sodium 
carbonate and potassium cyanide, or with sodium 
formate (8cc, 87, 17). 

()3) A small portion is intimately mixed with finely ground 
quartz iiowilcr, and the mi.xtiire moistened with a few 
drojis of concentrated sulphuric acid in a small crucible, 
which is then genllji heati'd on an iron plate or a small 
sand bath. (Direct heating with a burner may easily 
lead to eiToncous conclusions.) 

(««) )t7i//c fames of sdiron jlaondc are developed, which 
redden nmisleried litmus paper ' and produee a 
lurbiditi/. due to separated siheic arid, in a drop 
of ammonia solution held over the crucihle. This 
indicates calciuin jluonde. A little of the finely 
ground substance is decomposed with sulphuric 
acid in a jdatinum crucible, and the presence of 
fluorine ion confirmed by its etching action on 
glass (Sec. Ill, b). The residue is boiled witli 
hyilrochloric acid, the solution filtered, and the 
filtrate neutralised with ammonia, and tested 
for eedcium ion. by me.ans of ammonium oxalate. 
(hh) Fumes which redden litmus paper, and produce a 
larliidili/ in a drop of ammonia solution suspcmled 
orer them, are not developed. .'V small portion cd 
the very finely ground substance is mi.xed with 
four times its quantity of sodium and potassium 
carbonates, and the mixture fused in a jilatinum 
crucible. The, fu.sed mass is boiled with water, 
and the liipiid liltereil from any residue, which is 

» An acid reaction liy itself i.s no proof of tlio presence of calcium ffuorido, 
since it may bo due to sulpliurio acid, if the mixture has been heated somewhat 
too strongly 
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then wm^hed. The filtrate is acidified with hydro¬ 
chloric acid, and divided into two portions, one of 
which is tested for sul'})hate ion witli barium 
(^Idoride, and the otiu'v (if sulphate ion is not 
present) for sdicafe ion bv evaporating^ the acidified 
li<|iiid (Se(\ Ilf), 3). If no silientc ion is found, 
till' residin' from the evaporation is dissolved in 
hydrochlorh' acid, and testi'd for ((honintuin ion 
bv means of ainniouia solution. 

If pure sd>ro)i d/o,rn/r was pri'seiil, the mass 
obtained by fusion witb sodium and jiotassiuni 
carbonates must have dissolved to form a* clear 
solution, but if silicates were also present, their 
cations will have been left as insoluble oxidi's or 
carbonates, and may be fuitlier e.xamined, see 
Scan 181. In the preseiua* of ahonniiitni oxide, a 
ch'ar solution of the fused mass in water is only 
to be exp<‘cti‘d, wlion a lar^e amount of sodium 
and ]iotassiiim carbonates hav<' Ix'eu used at a 
lii^h temperature. 

Jf sulphate ion was found, the carlioiiate of the 
alkaliiK' eartli metal present will O'lnain on the 
tilti'r. It should be {liorouf/l/l/f Vdshvd and dis¬ 
solved in dilute liydroeidoric, acid, the solution 
(ivapurated to dryness, the n'sidiu' treated with 
water, and tlu' cldoruh' solution testc'd for horiuw., 
Uyonliuniy and adcuim ions jn the sanu' way as 
tliat obtained in (fi-l). 

Mixed Compounds^ 

A. Subshuices soluble uiul insoluble in ivuhr. but soluble in fnidroehioric 
ueid, 'nitric ucid. or uqua requi 

Detection of Cations. 

(iene.r(d Surrey. 

'I'he. systematic- course described in the following pa<;es for the 
deli'ction of cations in one solution depends upon the use of a number 

’ This expression is used hero and in the following pages to indicate mixtures 
and compounds in which all the cations and anioiis of fn-ipient occurrence may 
he pr('S4‘nt. 
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of group reagents to detect the presence of diff(‘rent analytical 
groups, and in the complete sepaTation of these groups (if pioscnt) 
in the form of precipitates. 

The individual members of a group arc then aej^aratod from one 
anotlier according to the methods of separation given in the sccoial 
ebapter of the first ]iart of tliis book in the “ Summary ami Ibmiarks,’* 
at the end of the description of the rea<-tions of the cations of a grou]) 
(Secs. 31, 3S. 12, 55, 63, 73, 78, 80, b2). 

The gronj) rengemts use<l ar<‘ hifdiocfiloric acid. iDjdroijni jdiidc^ 
mnmonmtn sulphide (or sodium sulphide). a}Hfnaniani carhDtialc (and 
sodium ammonium ]»ydrog(m ])liosphate). 

'I'he same method is invariably followed for the separation of the 
dilVereut groups, a group reagent being adde(l so long as it produces 
a pr«'ei])itate : this is tilt<“red off and washed, and the n<‘.xt group 
reagent added to the filtrate. 

The following scheme is Inised on this method :— 

(a) ffjfdrorfdone aetd ])re.oipitates the uieTubers of tlie first division 
of the fifth group, silver mul nu'raiirous ioyis being complcidi, ]>recipi- 
tated, but lead, ion vneonipletelip iiecaiiso the chlorides of the two first 
mentioned cations arc ]>ractically insoluble, that of lead ion sparinglv 
solublc, and the chlorides of all the other cations soluble in W'ater.i 
(Kor the sejiaratioii of these suhstanec's from one another, see 8<‘c. IGl.) 

{h) Ihjdrofjeii sulphide, when introduccul into a solution whi(;h 
has been acidifmd with hydrochloric; acid, and frcjiu which any ])?('.- 
cipitate ]m3cluced thcrc'by has been filtcucd off, jU'ccipitatcs any 
membc'rs of the sixth fjroup or of tlie second division of the fifth, tjroup 
(including hsad ion) which may f)c present, hcx-aiise the. sulphides 
of these c*lements are insoluble in acids, whereas tli(.)se of the memhers 
of Groups 1. to IV. arc soluble therein. 

(c) The sulphides of tin; sixth, imdi fifth gronjis may be separated 
from one anc)ther by treatment with aminoniuni (or sodium) sulphide 
solulion, because the membc?rs of the sixth group are soluble therein, 
through the formation of sulpho salts, wlnu'c'as the sulphides of the 
cations of the fifth group arc not dissolvcal. 

The precii)itate jirocluced by hydrogen sul])hide is, therefore, 
filtered off, and treated with allah sulphide solution, and in case it 
does not dissolve completely, tlic insoluble sulphides of the fifth group 
(second division) arc ffiterc'd oft*, whilst the sulphides of the sixth grou]) 
are re-precipitated hy acidifying the filtrate with hydrochloric acid. 

1 Tho somewhat complicated relationships which arise when an alkaline 
solution is present are not taken into consideraticjn here. For furthcjr details 
on this point, soe (101) and (104). 
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3’lic separation of the individual nioinl^ers of the sixth group is 
elfceted as dcscriluMl in Sec. J67» whilst those of the second division 
of tlic sixth group are separated as in »Sec. 168. 

{d) Tlic liquid in which lu'ithci' hydrochloric acid nor hydrogen 
sul[)hide has prodiic<‘d a. ])rcc.ipital(‘. or tJie filtrate from ])recijiitutes 
])ro(]uc(“d hy fliosc roa,g<‘nts, Avill now contain only the meinhers of 
(rroiips 1. to j V . It IS rciahaed alkaluH* \s itli aiunionia. and treated 
witli aunnonhua sulphide. (())gani(^ suhstanc.<‘s which, if present, 
iiiiglif pri‘V(‘nt tlic precipital ion of ni('nil)ers of the fliird group, arc 
(If'.sft‘o\cd ladorc* the athlilioii of aiiinnniia. and ainnioniin)i siilfihide, 
iiy evaporafing tli(‘ solid ion f-o dryness, iusing the rc'.sidue with alkali 
carhoiiafe, and trisiting fin' fiisi'd mass first with w.iter and then 
with hvdrochloijc. acid) 

Rv this nx'ans the cations of flic fomih- fjioup are jaecipitatod as 
.odpindes 'Idieri' is also a simultaneous precipitation ((*v('n on 
neutralising tlie Jiijuid with ammonia) of tlu' members fd the third 
<ireu}i as hydro.i ide'i or ])h()sj)hales ; and if ei'rtain anions (j)hosphate, 
fixalate. fluorine, borate, silicate, tartrate, or citrati' ions) are present, 
the ineinbors of tlie si'cond groiij) are also pr('cipii,ated more or less 
coniph'tely as salts of these, since all the compounds mentioned are 
praci ically insoluble in \vat('r. 'Phey may be separated as in Sec. 170. 
The solution will then c(>iitam only tin* mcndiers of ftroup 1. and 
also, in so far as they are not precipitated as ]diospliat'.*s, etc , by 
aimnonia. the members of (froiqi 11. Tn ordi'r, in the case of the 
l.d.fer, to prevent tin* preeipitatioii of magnesjiim ion (as liydroxide, 
wiiicli. however, would only b(^ in(^oinj>l('te), tin* dissociation of the 
animoiiiiitn liydroxide must bo checked by the jiri'seiice of a sulHciont 
• puintity of an ammonium salt (r/‘. Sec. b, p. 31). If necessary, 
thcr(‘fore. a correspomling anioiint of animonium chloride must be 
added prior to the anmionia solution. 

(c) Tli(^ solution in wbii'h tlic above-mentioned group reagents 
have jiroduced no preeipitati*. or the filtrafi* from jin'cipitates pro- 
dnceil ])y tlieni, is f.r<*ated with ammoniunf carOoitalc. 

This precipitates barium, slrovlmai, and calcium ions as car- 
honades Those arc separated as d<*scri])ed in Sec. 171. whilst mag- 
iH'sium ioiiand theinenibers of the firstgrouji remain in solution. Acid 
solutions are fiist treated with ammonia until alkuliin*, since, otherwise 
laihon ilioxide would be liberated, and might foian soluble hydrogen 
caihonates of barium, strontium, and calcium. Jn order to prevent 
a precipitation of magnesium ion, care must be taken that a sufficient 
quant ity of a neutral ammonium salt is present, as in the case of (d). 
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(/) The solution, which may still possibly contain alkali metal 
ions or magnesium ion, is tested for the latter by adding to a ’portion 
of it aminonia and ammonium chloride, if it is not already ammoniacal 
in ((/) <ir (c), and then nodium (rinmonium hydrogen phosphate. 
The clniracteristio crystalline pnanpitate of ’nmy’iiesium lemmonium 
phosphate is not .suitable, howu;ver, for the se|}aration of nuignesium, 
because the ))resene.e of phosphate ion would make the tests for 
•alkalis in the filtrate more ditlicult (and if soilium ])hosphato laid been 
used for the pri«;ipitation th(^ presence of added sodium woidd render 
them impossible). 

The separation of magnesium ion is effected, when required, by 
means of barium or cahaum hydroxidi;, the e.vcess of which is 
removed from th<‘ filtrate, by means of am}nonium carbonate. For 
details of the method of removing disturbing substances from the 
solution before ap])lying the tests for alkali metals, and for the 
detection of the indiviilual metals, .si‘e Sec. ]7-'i. 

(//) The test for ammonium ion is made upon the original solution, 
since it is necessary to aild a in won i mm, eomponmh to the .solution in 
.separating the metals of tlroiips 11. to IV. 

The separ.ation of tin' various c.ations in a solution in the form 
of precipitates iH'loiiging to different gniiqis, and their further 
.separation into individuals, may be rejiresentod in the form of a 
table as follows :— 


Srpanifioii of ('inion& inin Oroitp.’i. 


Ill Sitiuliuii (jr<ni])>; J. to VI. 



1 Kiltrnto; 1. IV . V„ (iiH-luiliiig romnmdi 

■r ot 1*1)), VI. 

Vi. 

AK, n«’- 


_ 

(^)f IfgS 




(iii<;oni|»lftt.t>) 

I’lvoipilatfi : VT. 

i Filtrate - l.tt 

. IV. 


5IH Cllloi nil''. 
J-'iit 

tioll, sec 

V,. (mclutliiiii i'‘- 
inaititlt ‘1 ‘it I’h) 

;iH siilplildf-"?. 

Fret ipil ate ; 

id) i (Xir4),,S. 
j l''ill I'iiif* • l.audJl. 

Sec. 101. 

(r)H (N1I,,)2.S. 

IV. a^ siilplinles, 

(t)-|-(Nll,),,COo. 


Solution V! 


1IJ. as hydi'o.\ideH, 
(11.as sultsoiily in 

IMecipitate 

Flltmte : Mg. 


i HC), 

! V2,{m 

prttsi'iico of corre- 

Ca, SI, Hu 

I'ot for Mg with 


[’riH'lpil.Ttp . 

1 cluiUllK : 

spoiidiiig unions) 

as ' 

NaNIUUFO.; 


VI. an Mil- 

iiciniilndci 

For soparation, 

Carlnmutos 

if positive. 


phidos. Foi 

1 of I’b) U9 1 

MX* Sec. 170. 

1 For w'paru- 

(r) + Jhv(0]r),. 


Hupaiatioii 
hOe Sec. 107. 

j 

siilphidus.i 
Foi 9Cl'U* ! 
jratloii, Sff 
Sec. 10« 


! tlon.see 

1 Sec. 171. 

Precipl- 
1 tate : 
|Mg as hy- 
ilruxide. 

; FUti ate: 

I. 

I ].)etectlon 
' of K and 
Nn. See 
Sec. 173. 
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Sec. 164. 

Treatment with Hydrochloric Acid. 

Dfleclioti of siJrcr ion, mA:rc}iron'< ion Urotl ion). 

Tli(^ systoiJiatiu course for the dctoc^tioji of cations is osseuitially 101 . 
the sani(*, whcitlicr tJie substance under oxaniin.ii ion js solul)le iji water, 
or wlndlior the aqueous solutton lias a ncMilral. ac,id. (jr alkaline 
reaction, for the reason that in all cases in which solution has not been 
effected by liydrochloric acid or («iua rc(jra an addition of hydro¬ 
chloric acid is inadi.'.- 

Different jihcnomena niay occur, however, on this addition, 
accordiiii^ to whether an acjueous, nitric acid, or alkaline solution 
is t»r(‘S(Uit. 

(A dilfcrcnce is also to lie ol)served between the boliaviour of 
pure aquc'ous and acid solutions in the separation of the precipitate 
jirodnc.ed by ainnioninm suJjdiide. See Sec. 170) 

In the case of alkaline solutions a senes of oilier substances 
(silicon dioxide, suljdiides) may bc^ pn'cipitali'd, in addition to the 
(uitions of (fronp Y^. Witli regard to th(‘ pro<<‘duie in this case, 
details an; given in (lOl) (o (108). 

Tiie following course of treatiiimit is apjilicabli' to any jirecipitate 
])n)dii(;ed in aqufons or nihic acid so/vffon.'^ (solutions obtained by 
means of liydrochloric acid or aqfi(f rajiti obviously need not be 
considered here). 


(imrrnl Surrey. 

'I'he solution is treah'd with hydroidilorii! acid and filtered from 
any precipitate prodnci'd. 

The precipiiato produced by hydroebloric, acid may I'ontain the 
( hloridcs of silver, incnturous and lead ions. (With regard to other 
su])slan(a‘s simultaiH'oiisly ]>rec.i(htated, se(‘ (l(>2, 6), (103. small type), 
and (’Jiap. III., No. lo.) Tlie two first an‘ not solubli' in hot water, 
wlK'reas lead suipliide is soluble tiuu’ein. Silver and iiK'rcurous 
< lilorides may be difhu’entiated by their behaviour towards ammonia 
suhitiou. The former is soluble in tliat solvent, and may be repre- 
cijiitated from its solution by moans of nitric acid, whenais the latter 
reiriains insoluble, but is converted into a black mixture of metallic 
mercury and mercuric ammonium chloride. This may be repre¬ 
sented in tabular form as follows :— 
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of Firc^f Division of Group V. 

Thoso may be pn'sont in Hm procipitiito ]H’odiicod by HC1 • 

AgCl, Hg,Cl2, PM'U. 

(Jn t.r<‘!itinont. with Itot W’alr'f— 

TnsoIul>Ie residue : Ag('l, lfg.>('U; treated 
withNH 401 l. 

l)issolv(x] : 1M)(’U 

■ ’ I ~ JIoS procij)itate8 black PbOlj, 

Tnsoliil)le ])Iack t Dissolved : i pi‘eeipitat<‘s \vliit<‘ PbSO^. 

residue: ' Ag(NH.0.Ad 

llg-h Mg(NU 2 )Pl II XDj ju'eeipitates .\g( 'I 

Process lit (Iclail. 

102. I. A pure aqueous solution is present. 

A portion of the solution prepured for the deiectum of the cotton is 
treated with a little Inidrochlorw acid. 

1. The orif/in.al solution ims acid or neutral. 

(t/) No precipitate is for nied. Tin* nbsenco of silv(‘r f>r ttiorcuroiis 
ion is indicotod TIk^ nnn.] 3 ’sis is coidiiiuod at S<m-. KIo. 

{h) A preeipifalc is formed, ^lore li^alrocliloric acid js added, 
drop ]>v <lro|>. until tlic volume of 1lio juceipitatc no longer 
increases, after wliicli an additional six to eight dro]>s are 
add(‘d, tli(‘ li([uid shaken, and a not<' made as to wJiether a 
precipitate msidiible oven in <'xcess of h\'drochlorie acid 
is left. If this IS the case, and jf organi<* sulistances are 
])r(“S(*nt {ef. lo), tiie solution witli the precipitate, in siispin- 
sioii JS .shaken with etlior. 

(a) The jireeijutute dissolves completehf. Silver and inei- 
ciirous ions an* not present. Tlie precipitate consistial 
of organic acids. Tests for these are made as in (184), 
and the examination continued at (iDd). 

()S) A residue insoluble in ether is left. It is silver, mer¬ 
curous, or lead ion. 

'Po determine wlietlnu’ organic acids wore also 
[uecipitated. the etliereal layer is separated from the 
jKpieous solution (Phajt. lij.. No. 78), and cautiously 
evaporati'd, so that tlu^ ether does not take fire. 

(aa) N'o residue, is lift, d'his shows tlio absence of 
organic acids in the 2 >rccipitate iiroduced by 
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hydroclilorio acid. 'J'lie analysis is continued at 
(103). _ 

(bh) A residue left. 'Dio ])r(*sciice of cinnamic, 
benzoic, or salic-ylic acid is indicated. The 
analysis is continued at (lOd). 

The Avliub^ of th(‘- solution intended for tlie detection of tlio cation 103. 
IS treated wjtli a correspondint' quantity of Jiydroc.liloric acid, shaken, 
and iiltercil. 

Since any antimony] eliloride or bisimilliyl ehlorido which may bo 
pieeijalated at tirst rc-dissolvcs in ox<css of hydioehlonc acid, the per¬ 
manent precipitate of cations produced by liydrucldonc acid can only 
contain silver, mercurous, or lead ions as ehlojides (s«‘e Clia)). 111., No. 15). 

Tin* precipitate hdt on the filter is wasliod t\vi<e with cold water, 
and the liltrati* and washinys fuitlun’ evaimned aee.ordinij; to S(!c. 105. 

Any turbidity ]U‘oduccd when tlic lillratc and waslnngs aie mixed 
1)0 ignored (sci' (’hap 111 , No 15) 

Tin' |)reeij)itafc hd't on tin' liiter. if jt do(‘s not consist solely of 
oiganic acids (1()l5 b, a), is then treated as follows :— 

(a) If d eoiitiiiiis orijdiiic avuls in a,d<iition to the chlorides 
ol (Ji'oup V'l ^Aib), it is wasiied olf the filter by 

imams of a, jel’, and distributed m watiT. the latter 
shaki'n in a small e\ liinh'r vvif li (‘I her. and the ethereal 
lav'er sej)arated from tJn' aqueous layer (('liap. Hi., 

No. 78). 'the etlien-al layer is testeil for oj-ganic acids 
as m (181), and flie aqinams la\«'r lu'at.ed (caiefiilly 
until the clJn'i lias lieen evaporated), and filtered if 
a.n^' insoluble deposil is h'ft. The solution in hut 
water is tested as in ()3) wifh fivdmgeii siilpliKh; and 
suljiliurie a<id. ainl any residue tested lor silver and 
inenairous ions as in (y) and (8). 

{/3) If the 'jirccipiUftv jiroduevd bij injdrocidone netd docs not 
coiifiuti an onioHic ucn/. it is washeil with h<jt water 
on the filter, and tlie liltrate tested for lend ion by 
means of hijdi'o(jcn sidplndc, and also by means of 
sulphuric ucid. 

If no precipitate has been formed, it only shows that 
no load ion was present in the ]>reci[)ilate produceil by 
hydrochloric acid, but not that lead ion is altogether 
absent, since in fact dilute solutions of lead salts do not 
give a preeijutate witii liydrochlonc acid 
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If the precipitate produced by hydrochloric acid 
eotftaim lead chloride, it should be treated repeatedly 
with boiling water, so as to dissolve the lead chloride 
as completely as possible. 

(y) 1/ a precipUnlc has hem lejl on the Jiller, it is treated 
with ammonia solution. If it becomes gre^- or black, 
i^iercAirous ion is present. 

(S) The amnoniacal ivashintjs from (y) arc iratted with 
nitric acid until the reaction is siromjhf acid. (If u 
precipitate is fonued. it is tested to s(*e whether it 
remains insolulile wlien shaken with (‘ther. in eas(* 
organifs acids sliould be prosent.) If a wliite casemis 
])recipitate (insoluble in ctlier) is olitained, or an 
o])aI(*scence in the ease of minuU' <pi;intities, stlrcr ion 
is jnesent. 

Jf tlio precipitate still contains lead eliloiide, tlie 
ainnionlacal solution will gciUMvilIy ajijicar turbid, owing to 
the detection of basic lead salt. Tins lias no indiiciice on 
the separation of silver ion, since tlie basic lead salt 
dissolves on the addition of nitric acid. 

104. 2. The aquenus solution has an alhalinr reuelion. 

(a) No evolution (if (/as tales ‘place on the uilditioii of hi/droehloric 
acid, and -no prceipitulc is formed, or, ij'joniicil, rc-dt.'.-.'mlvcs 
on the addition of ‘more acid. The analysis is continued at 
Sec. lb.''). 

105. (6) The addition of hijdrochloriv acid caiisi’.s an erolutioii of (/(i.s — 

hydnnjen suljihhh, hijdroci/iiiiiv aeid, carbon diojide. 'I'liis 
indicates i'e.spcctivcly .'Uiljihides, vijanUks, or earhonates. 
If, at the same time, a jirecipitale is formed, it is e.\amincd 
a.s in (c). The nature of tbe gas is indicated by its odour, 
(a) The. cscajiivi/ r/as has an odour of hydroijen sulphide. As 
a confirmatory test, the gas is tested with papin 
imjiregnated with an alkaline lead solution : A Inuwn 
coloration jinints to the presence of monosuljjhides of 
the. alkali metals, or of hydrogen .sulphides of the alkali or 
alkuleiw. earth inctals. If no precijiitale was produced 
by bydrochloric acid, tbe acidified solution is tested 
as in Sec. i70 of 169; otherwise as in (c, j3, or y), 
(107), or (108). 

(jS) The escaping gas has the hurchj perccqtiihlc, odour of 
carbon dioxide. If no precipitate W'as produced by 



SEC. 164 TREATMENf WITH HYDROCHLORIC ACID 607 

hydrochloric acid, the analysis is continued at Sec. 165 ; 
otherwise at (c). 

(y) The escaping rjas has an odour of hydrogen cyanide. 
Confirmation is obtained as in See. 151 (whether or 
no hydrogen sulpliido or carbon dioxide was also 
evolveil). TIu^ presence of cyanides of alkali metals 
is jTidicated. If a jneeipitate was produced by hydro¬ 
chloric acid, the analysis is continue<l at (c, y) (108) ; 
otherwise the hajuid is boiled (in a fume cn[jboard) 
uiitil all hydrocyanic acid has been expelkal, and the 
analysis contiiUKid at Sec. 165, or, it hydrogen sulphide 
is also absent, at (170) or (lOP). 

If it IS iK)t possible to tlooidc wlu'tlicr tlu'if' Is an odour 
of hydrogiri cyanide in aildition to that of lijdro^'cii 
sulphide, a fresh portion of the solution is lixati'd with 
potassium dicbromalo and then with hydioehloric acid, 
and the odour a<iaiii noted. 

(e) 0 ) 1 , Ihr addition of fujdyocliloi ic acid a iircct j/italc is foruicd, 106. 
which- docs not dissolrr in ca'ccss of the acid, cren when boiled.^ 

(a) Neither htjdro<jcn sulphide 'nor hi/droiicn cijanidc is 
evolved. Tlio li<pud is hlterod,- the pmd]»itate waslu'd, 
and the united iiltmte and wasJiin;.,fs tested according 
to Sec. 1(>5. 

(//u) The precipitate is white. Jt may Ih‘ a haul oi' silver 107. 
salt, which is insoluble or oiilv sparingly soliilile 
in \vat(T (lead sulphate or chloride, silver chloride, 
etc.), or also silicic acid. It is tested for tin* cations 
and anions of the iiimganic com]ioun(ls present 
according to Sec. I7‘.), having regard to the possi- 
hility that any ehloride. of lead <n' silver detected 
may have been formed in the course of the ex¬ 
amination itself.'^ 

' H organic suhstancu's .ire present, a tost is nuulc to dolerniino the in¬ 
solubility in cl her of any precipitate jirotluced. <->nly wluui it is insolidilo 
aie tlie direi-tions in (100) and (107) ajiplieable. Should llieic be a ]>ossibdity 
of llio £>reeipitates there meiitiuned contauiing any 4-inii<iimc, benzoic, or 
salicylic acid, tlu^sc substaucos may bo extracted with ether before eonliniiing 
the exaunnation. 

^ If there is reason to suppose that the precipitate contains silicic acid, 
W'liich, as a rule, may bo recognised by its gelatinous eluiraeter. it is advisable 
to evaporate it witli hydroelilorie acid, as described in Sic. 182 (221), so a.s to 
olftam an insoluble residue of silicon dioxide, and again to treat this residue 
with hydrochloric acid and water before filtering off tlie preei[)ilal('. 

‘ If organic acids have been deUeleil in the prelimmury examination 
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(66) The precipitate is yellow or orange. It may be 
arsenic sulphide, if it Las not been boiled for a 
long time, or only with dilute hydrochloric acid ; 
or it may be anlriiwny sulphide or stannic sulphide, 
which was dissolved by ammonia, potassiuin 
hydroxide, sodium hydroxide, or sodium [ihos- 
phate solutions, or hy any other alkaline liquid, 
with the exception of alkali sulfihidc or cyanide 
solutions. I’he precifiitate, which may also 
Contain siluuc acid, is treated according to (10). 
(fl) Jh/ilroncn sulphide is evoleed, but not hydrogen, cyanide.t 
(««) The ]>reetpitate is a pure while dcjiosit of .sulphur 
(which is coin|iletely soluble when vigorously 
shaken with, benzene or ))etroleum sjiirit 
Cliaj). 111., No. 87). In that case an alkali poly¬ 
sulphide is usually present. I'he presence of such 
a eompoiiiid may also be recognised by' the fact 
that the alkaline solution appears yellow or 
brown, and that on the addition of acid an odour 
of hydrogen polysulphide may lie detected as 
well as that of hydrogen sulphide. 'J'he liipiid 
is boiled, filteied, and the filtrate treated as in 
8ec. 170 or 169, and the jirccipitate - as in 
8ec, 179.-'i 

(66) The precipitate is coloured (or was not eoinjiletely 
soluble in benzene or ))etroleum spirit). In that 
ease the presence of a sulpha salt (of a member of 
(Irouji \'l.) may be inferred. I'hc precipiliile 
Would thus be a sulphide of gold, platininn. tin. 
antiniuny, or arsenic. It might also, however, 
consist of or contain mercuric sulphide or eupne 
or nickel sulphide (since the hrst-meiitioned is 

(10,1^, t), the preeixutate may also be or contain cinnamic, benzoic, or snticylic 
acut. A test for thc.so is made by means of etlior as described in (itl2) and 
tiiul tliosc aiiiujih idcutificcl accordiug to Sef. J7(> 

^ With regard to dotorniining whether liydrogt'u cjamilo is libcratiid iii 
addition to liydrogcn sulphido, vide svpra (105) 6, y (Hnia)l tyjie}. 

“ It may also contain silicic acid (m which case it was not ontircly piilvcrii- 
lent and solublo in bcnzi'iio or petroleum spirit). 

® If organic acids have been dotocted in the preHniinary oxarainatioii 
(10, A, t), tlio precipitate may also consist of or contain cinnamic, benzou, oi 
salicylic acid. Tests for theise are made by treatment with ether, or they may 
bo separated as described in (102) and (103), and these anions identiiied according 
to fcjec. 170 (lii4). 



SEC. 164 TREATMENT, WITH llYDROCHLOniC ACID 609 


readily soluble in potassium sulphide solution, 
and is very sparingly soluble in ammonium 
sulphide solution, whilst the latter ate very 
slightly soluble in ammonium sulphide solution). 

The li(juid is filtered, and the liltrate treated as 
in See. 170 or 109, and the precipitate as in 
(40).i 

(y) Hydrogen cyanide is evolocd, with or Without hydrogen 108. 
sulphide. In that ease a cyamde (and if hydrogen 
sulphide is .simultaneously liberated also a sidphide) 
of an alkali or alkaline earth metal is present. Under 
these conditioms the precipitate may also contain 
numerous compounds (such as nickel or silver cyanide, 
etc.) in addition to those mentioned in (a) or (j3). 

The liquid is boiled in a fume cupiboaril after the 
.addition of more hydrochloric acid or of nitric acid 
until all hydrogen cyanide has been e.xjielled, and the 
resulting solution, or the, liltrate from a,nv' insoluble 
residue (which would he e.Kamined as in See. 179 or 
Sec. 180), is treatisl ace.ordmg to See,. lO.o. 

n. A hydrochloric acid or aqua regia solution has been obtained. 

It is treated according to Sec. 16.7. 

m. A nitric acid solution has been obtained. 109, 

A ])ortion of the solution is diluted with water, and if any 
turbidity or precipitate (indicating bismuth ion) is formed, nitric .acid 
IS added until the liquid becomes clear again, and then hydrochloric 
acid. 

1. No precipitate is formed. This ]iroves the absence of silver 

and mercurous ion. The iiiaiii solution is treated as in See. 

165. 

2. A precipitate is formed. 'I'he remainder of the nitric acid solution 

is treated in the same way as the small iiortioii, the precipitate 
filtered oft and examined as in (U)3), and the liltrate examined 
ace.ording to Sec. 165. 

^ Slioulil silinic acid bo proaoiit in lilts precipitate, in nildilion I o the sulphides 
mentioned, it will dissolve. ]iarM.V at all events, in the nqiui rojia solnlioii, and 
must be taken into consideration in exaiuininji the latter ; it may also partl.y be 
left in the residue, and mu.st then be treated accordingly (.See, 182). Of. foot- 
iieto 2, p (!()7. 


39 
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Seo. 165.1 

110. Treatment with Hydrogen Sulphide.- 
Precipitation of cations of Groups V^. and VI. 

A smdl port ion oflltc dnn acid solid ion is tmded wkh good hydrogen 
sulphide water tiiilil Us odour is ptainlg p’reeptihle on shaking, and 
the. liijuid then gentlg heated, and. after the addition of more hydrogen 
sulphide, uxiter in not too small amount, allowed to stand, for some time. 

111. 1. No precipitate is formed, oven .alter some lime. The analysis is 

continued at See. 170 <ir IGi), since lead, hismutli, cadmium, 
oopiter, and mercuric ions, and also the ions of gold, ])latiuum, 
antimony, tin, and arsenic ^ are not ]ire.sent. The absence of 
ferric ion, chromate ion, and ferricyanogen ion is also indicated. 

112. 2. A precipitate is formed. 

(a) It is pure white, d/ffiisedi aad Jit/eli/ puhernlevt, and docs not 
disajipoar on the addition of hydrocliloric acid. It is 
separated sulphur and points to the presence of ferric ion.'* 
In order to bo sure thal the sulphur does not contain a 
small amount of yellow siilphid<‘s, the cnloiir of which might 
1)0 mashed by n. large tpiantity of sulphur, about 2 c e. of 
benzene or petroleum spirit art; added lo tht; litjuid, and 
the tube vigorously and repeatt'dly shaken.® If no 
coloured suspension ajijioars in the lienztuie or petroleum 
spirit layer, the wliito prccifiitate consists only of sulphur. 
None, of the substances mentioned in (111) is present. 
The main solution is treated as in See. 170 or 101). If, 
however, a coloured sus])ension is stam in the benzene or 
petroleum spirit layer, tlie examination is continued as in 
113 (c/ Chap. 111., No. 27). 

' Cf. the general survey, p. 000, (6). 

* Cf. ('hap. 111.,No. J8 (with regard lo a nitric acitl or aqna regia solution 
also No. 10); also Nf>a. 21 and 22. 

* Cf. (Uiap. in , No. 20. 

* In tho presence of sulphite ion, as also of oxidising Riibstanees, c.g. chromate 
ion, chlorate ion, free chlorjnc, and (on continued heating) forricyanogiui ion, 
sulphur is also precipitated. When (diromato ion is present, tho colour of the 
solution changes from reddish-yifllow into grcH'n, whilst, in the prc.scnco of fern- 
cyanogen ion, tho solution usually hccomes l>luc, so that tho separated aulphnr 
has the ajfpearancc of a blur, prreijntato. 

^ In shaking the test-tube, closed by means of tho thumb, it should bo noted 
that, if the thumb is not ubsolutely elean. metallic sulphides not originally 
pri'sent may be fi)rined at tlio junction of the aqueous layer and the benzene. 
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If the separation of sulphur, the original colour of the 
solution, and the change of colour on the introduction of liydrogen 
snlphide, liavo indicat(xl the prcsen{;<.‘ of chroinatc ion, this is 
reduced to cliromie ion by the addition of an aqueous solution 
of sulpliur dioxide, or, if the latter would liiodnoo a 2 >reei|>itato, 
by heating the liquid with liyilrociilono acid afu^r the acidition 
of a little alcohol, or by nieaiiH of anoflier suitable reducing 
agent (cf. Wee. 101, 5), 

(h) It is }iot jmre wliilv. The exaininal ioii is continued as 113. 
in (lid). 

A slow riirrcuit of gaseous Iiydrogcui suljdiide is passed through 
tlie solution difulcd with uniter (and Jii'ated to about 70 ’ if there is 
reason to suppose that arsenate ion is present) until the jirecipitate 
separates in a disthudly flocculent form, and a ])ortion of the liquid 
tlien hltered, and tested to see whellier it remains clear on the 
addition of a large amount of liydrogen sulphide wati'r (al)out six 
to I'ight times the volunu* of the lii^uid). If tliis is not the case, 
the main solution is diluteil to a further (*xtent with waier, and the 
introdmdiou of hydrogmi sulphide continued until tin* preeijiitation 
is Complete, after which th(‘ liquid is filt(‘r(‘d. and tliis filtrate reserved 
for fi'sliiig for cations of Groiqis I. to IV ., Sec. or !()!> <t scq. The 
precipitate, wliich will contain the siilpliidi’s oi tli(' melais of (trou^is V 2 . 
and lltoroufjhUi leashed, witJiout (‘xposing it long to the air 

((.'liap. Hi., No. 22) (the c^oiupleU'iu'ss of \vasliiMg lieing ascertained 
hy a test witli litmus jiaqier or silver nitrate, ef. p. 42), and the 
e.xa.minal ion is (umtiniied at (IM). 

Instead of gaseous iiydrogmi .sul])lii<le, good hydrogen suljdiido 
\\a.t<T may be used for the jirocijiitatiun. In that (;use the bulk of 
the acid or acidified solution is treated, preferably in a small boiling 
flask, with an excess of hydrogen sulpliide water, i.e. until tJic solution, 
after thorough shaking, has a distinct odour of (he gas, and the 
piecqiiliitc does not increase on further addition of the reagent, the 
la.ntonts of the flask then gently heated, the lt((uid filtered, and the 
liitrate and jirecipitate treated as (h^senbed above. 

If the jirecipitate is yellow,- its mam constilaicut will bo arsenic, 

‘ Umlor oxccptional comlitiona tho prooj^iitato 2>roducc4 by liydrogen 
siil])hi(l(* in an acid solution which has been troati'd with liydrotdiloric acid 
ii'ay also contain zinc and iron, csj. zinc wh(‘ii alkali a«'ctatcs are present, and 
iritii when tho solution ctuitaiiiB stannic chloride, and only a little free hydro- 
rliloric acid (L. Storch, Zeil.’^ch. (in<il. 0/iim., 25, 210) {ej. t’haii. UJ . No. 18). 

■ Conclusions drawn from llio colour of the jircoqiitate may, under certain 
•'ouditjons, be uncertain {rf. ('ha2i. HI., No. 2J). 
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stannic, or cadiniuin sulphide ; if it is orange-coloured, the prcsejicc 
of antimony suljihide is indicated; if brown or black, an ion of at 
least one of the following metals must be present; lead, bismuth, 
copjier, mercury, gold, platinum, tin. Since, however, a yellow 
jueoipitate may also contain small amounts of orange, brown, or even 
black |>reci|)itates without their resjKsUivc colours being distinctly 
iinp.artcd, the most trustwortliy method is always to test every 
C(]loured |)reci|iitate produced by hydrogen sulphide, for all the ions 
mentioned under 1 (HI), the method outlined in the following section 
being followed. 


Sec. 166. 

Treatment of the Hydrogen Sulphide Precipitate with Alkali 
Sulphide. 

Separation of Group Vo. from Group VI. 

(Inieral Siinri/. 

The precipitate jiroduced by hydiogen sulphide, may contain 
the sulphides of the sixth group and the second division of tlie fifth 
analytual group. If members of both gron|)S are )iresent, they are 
separated by treatment with ammonium (or sodium) sulphide 
sidiition. in which the sulphide,s of I he sixth group are, soluble, sulpho 
salts bidng formed (p. it), wlierisas those of the fifth group remain 
undissolved. The sulphides of the sixth group may be re-preci])itated 
by acidifying the sulpho salt solution. 

Since t.liis process, however, is only necessary when meiubers 
of hoth groups are actually present, a siiuiU porlion of the prccijiitate 
should be te.sled to sec whet.her it dissidves coinjdetely in aiumoniuni 
(or sodium) sul|ihide sidution, or, if this is not the case, the filtered 
liquid IS acidified to see whether anything has dissolved. Only in 
the latter alternative should the whole of the jirecipitatc be treated 
in the same way, whilst the remainder of a prec.ijiitate which is 
comjiletely soluble in alkali sulphide solution should be tested 
directly for members of (Iroup Jl. as in Sec. 167, and the remainder 
of a completel}' insolulile sulphide preci]iitate should be tested at 
once for members of (iroup Vo. as in Sec. 168. 

ProerxK ill ihiidl. 

114. A small portion of llic prccipilale produced hi/ hydrogen sulphide nt 
the acidified solution is l/iorouiihtii washed (Cha]). Ill., Nos. 22 and 25) 
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and treated in a test-tube l with 10 to 20 drops of pale yellow (not 
d.ark yellow, see Chap. III., No. 23) unmtoninm sulphide, solution, 
or (if cupric but not mercuric sulphide is present) with sodium 
sulphide solution ^ (see Chap. Ilf., No. 21), and (/eiithj healed for a 
short lime. 

1. The precipifaie is complelehj soluble m ammonium {or sodium) 115. 
sulphide soiulion. The abseiicc of cations of Group V. (eadiniuni, 
lead, bismuth, cojiper, mercury) is indurated. The remainder 
of the preci])itate (a portion of which was tested with ammouium 
stdphide solution) is treated as in Sec. 167. 

If tiic quantity of liydrogcu suljiliidc jirocipitete was so small 
tliat the wliolc' of it had to bt; u.simI in the tr<‘atiuont with aininoniurn 
.«ul|>hidc, hydrochloric acid is adth'd to the ainuionium sulphide 
solution, and the resulting ima-iiiitate washed and examined as in 
See. 167. 

'1 It is insoluble or not complelelif soluble, even when Innited with 116. 
more yellow ammouium (or sodium) sulphide. 1'li(‘ presence 
of cations of Group V. is indie.ated. Tin* liquid is diluted with 
4 to T) parts of w'ater, or with lO ]a‘r cent ammonium nitrate 
solution (if there is n'ason to suppose that the preeijutate pro¬ 
duced by h 3 ’(|rog(m snl}>lii<le <*ontains nierciirie or stannic 
sul}>hide, Chap. Hi., No. 26). and tlien filtered, aiul the hltrate 
treati'd with a slight excess of hN'drochloric acid. 

If the whole of the h\ah'Ogeu suljihido ])i'cupitatc had to In* tieatcd 
with ammonium sulphide, only a portion of tiie soiulion should b(5 
treated wath liydroehloric aei<l. 

(«) Onli/ a pure while turbidihj is formed, wliieli does not ^ueld a 
coloured deposit on shaking tlie liquid with benzene or 
]>etroleum spirit (rf. (112) or Clui]). Ill , No. 27). This 
turbidity prodiu-od by hydrochloric; acud is, therefore, pure 

^ If the precipitate is at all bulky, this may easily ho done by niean.s of a 
small spatula of platinum, gla.ss, or horn, Avhereas if it i.s .Mcarity tlie filter .should 
1)0 spread opiui in a porcelain basin and tlio whole of it ire.atcHl wuth ammonium 
(or sodium) sulphide solution. 

* If the solution is blue or screen and the filtrate from t he hydrogen sulphide 
prooipitate no longer sliows this colour, eujirie ion is iirc-smit. If a detimto 
eonchision is not po.ssible, it may almost always b<‘ reioOird liyle.stiiig the solu¬ 
tion with a bright iron rod or witli excess of amnumia (Sec. 7*7, IS, 0). A 
test for mercuric ion is made by treating a })()rtion of the original solution willi 
Htannous chloride. As a rule its presence will already have been indicated by 
the change in colour of the precipitate produced by hydrogen sulphides 
74, (>, :i). 
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sulphur. The absence of members of Group VI. (ions of 
gold, platinum, tin, antimony, and arsenic) is indicated. 
The remainder of the jireeipitatc obtained in (11‘!) (a portion 
of which has been dige.sted with ammonium sulphi<le 
solution), or the entire precipitate which has been .treated 
with ammonium sulphide and wa.shed, is e.\;amined as in 
Sec. 168. 

117. (h) A cvloKrt'd prc'cipitdlo is JormM, or a coloured sua[)ension in 

the benzene or petroleum spirit layer. This indicates the 
])resence of members of Group \T. in addition to those of 
Grou]) X. The entire precipitate produced by hydrogmi 
sulphide is treated in the same way as the .sample, i.c. it is 
treated with rellow amiuonium (or sodium) snl|iliidc 
solution, and allowed to stand, the suiiernatant lii|nid 
(which must bo yellow) is poured on to a filter, the residue 
in the flask ri'pealcdly treated with yellow ammonium 
(or sodium) sulphide solution, and the solution filtered 
each time.! 'p|i,. jiltrate (or the remainder of the filtrate 
(116) if the whole of the hydrogen sulphide precijiitato harl 
to be treated with aminoiiiuiii sulphide (111, footnote 1)), 
which contains the members of Group VI. in the form of 
suljiho salts, is dilnterl with water, and, after the addition 
of hydrochloric acid until the reaction is distinctly alkaline, 
is gently heated and filtered from the resulting jirecipitate. 
This Jirecipitate, containing the sulphides of Grouji VI. 
nn.iced with sulphur, is thoroughly washed, and treated as 
described in Sec. 107. 'The. residue from the treatment 
with .ammonium or sodium suljihide (containing the siil- 
jihides of Group V.) is usually washed with water, exc.cjit 
in the jiresencc of mercury, when a 10 jier cent, solution 
of ammonium nitrate is used for the purpose (see Cluaji. 111., 
No. 25), and is then treated immediately ((haji. 111., No. 22) 
as in Sec. 168. 

* If the residue from the tre.atmeiit with amiuonium (or sodium) sulpliidc 
does not readily suiiside, with tlic result that tlie Iiijuid riimiot lie jioiired oil, 
it slionld lie transferred to the liltcr, and tlio latter, after Idtiation of the liquid, 
spread ojieil, together Wllh the icsidue, in a Jioreeliim drsli and treated rejieatedly 
as above. If the stiiphides aie in siieh a line stat,e of snspension tiiat tlio liiiiiid 
will nut yield a clear filtrate, a little selid ammonium intrato is added, and the 
whole allowed to stand lor some time while gently heated, and then filtered 
(f/. pp. 36 and 44). 
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Sec. 107. 

Detection oS the Ions oi Group VI. 

Ions of Arsenic, Antimony, Tin, Gold, and Platinum. 

(ivncral Sarveij, 

Tiio .suijiliides of arsenic, atitiniony, and tin volatilise when lieated 
III a ouri'cnt of (^lilorim* (or in a current of air containin;^ aninionium 
(Jiloridc and nitrate vafiours). IMatinuin and ;rold suljiliides are 
deconijiosed under thesi* conditions. Tlu^ sul|)jiur wliii li they con¬ 
tain volatalisi's as chloride, and a resitiue of tin* nol>lc metals is left. 

Jlencc tlie two last may he separated from llie three nKmibors of 
(Irouj) VT. first meiitaoneal, by sublimation in a curient of cliioriiie 
(or of air containing chlrinde and nil rale*). 

The re.siduc is dissolved in nqmi rafia, tie* solution evajiorate.d 
to dryness, the residue. diss<>lv4‘d in water, and tin' .i^ohl ion riMluccd 
by heating the solution with oxabi^ aci<l. Tin' tiltiati* is evaporated 
to dryness with ammonium cliloride l(» sepaiat-<“ the platinum ion, 
and l.h(i residue treated with ah-oliol, which leaves the ammonium 
}>latmoc.hlonde as an insolubh' residue. 

Tlie sul[diides, vvhicli ar(\ ]»ai tly dissolvt^l in th<‘ mpieous distillate 
and partly in suspemsion in the subhmati*, are re-precipitated by 
nuuns of liydrugen siilpliide, si'p.iratcd, dried, and igmtcd with 
sodium nitrate and carbonate, whereby tliey uk; oxidisisl to stannic 
oxide, sodium autimonate (wdiich reacts witli water to form disodium 
diliydrogeu |)yroantimonate), and sothum aisenate. This last is 
Soluble in water, whereas tlie two lirst arc insoluble, or only sparingly 
soluble, and an; tfiendore left in the residue when (he lused mass is 
extiacted witii water. 

On beating this residue with hydrocldone. acid, aud adding a 
little zim;, preferably in a platinum basin, the metals arc reduced 
and precipitated. They may tlum be separated b\ tnaitment w'ith 
liydroelilone acid, which dissolves tm but not antimony. 

Arsmiatc ion may be identified in tin; aqueous extract of the fused 
mass by acidifying the liquid with nitric acid, aud .idding ammonium 
molybdate or magnesia mi.xturc ; and stamioiis ion m the* hydro- 
eliloric acid solution of the metal by means of mere,uric chloride, 
whilst the antimony, wliich is left in tin; insoluble residue, is dis¬ 
solved by moans of nitric and tartaric acids, and precipitated with 
hydrogen sulphide. 
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The method of separation may be represented in tabular form as 
follows ;— 


There may he present as Sulpliides: Au, JH-, Sn, As, Sb The precipitate is 
mixed with (NlIj)C'l and (NHjjNO.i and heatei 1 jn a curn'nt of air. 


Residue All, P( ;is mctiils I(, 
is dissolved 111 (UiMi reyia. 'I'he 
Holilhou when lived fioni exet'ss 
of acid and heatisl ivilh If..(' 2 U 4 
Kives-' 


Siihliin.ite . Wlien ilissolvcd in water it contains Sn, 
si), niul As us (liloii*lc‘s. Tieated with IJoSitgivesa— 

ipitute of the three sulphi<les. 'Diis is separated , 
diied, and fused willi J^nNOp and Nuat'O;,. 'J'he 
fused mass liealoil with water g“ives - 


I’leiipitule of 

Solution 

1 Itt'suliie . Slid., i 

uid Na..iroSb»0-. 

1 Solution. 

All, recogiilsulth' 

juoiitanisll.,ri('l„ 

1 it IS lediicod willi H('l fZn to Sn ; 

1 NapAsOd. Acidi¬ 
fied wilfi Jli'JOd 

by its colour. 

Nvlieii ei.ipoiatcil 

1 ami Sl>, Tlie 

se treated witli 

to (lr\ne.'' with > 

1 HCIgive— 1 

and healed witJi 


an<l tlie 

— - 

.... 

(INH.).,MoOdl 


le-i'lue ticiited 

K("'i,|iie . Sii I 

Sobil loll 

gives <t yellow 


with iileoliol, 

1 ed in 

Sld’1.2 1 Hgt’Ii. 

preeipUale of 


icilM-s \ello\v 

II Ndp + taitaile 

gnes wtiite 

ainnuiiiiuni 

i 

(Mijjprtci^ 

;‘i id and 1 le.iled | 
with llpS gives ; 
01 .iiige preeipi- 

precipitate of 

aiseiiic iiiolj bdatc. 

1 


(ateolSb^Sp 




As indicated by the colour of tlic jirecijiitate or the nature of the 
substance under examination it may, under certain conditions, he 
possible to omit the tests for ffold and platinum, and to ignite the 
suljiliide precipitate directly. In that ease only the portion enclosed 
in dotted lines need be taken into consideration, or llio exaniiiuition 
may be restricted to testing for arsenate ion, or to the apjilication 
of a simple test to prove tliat the ions of tin and antimony arc 
absent. In this conni'ction the following particulars may he 
noted:— 

118. If tlie jirocipitate consisting of the sulphides of Group VI. is jiure 
yellow, the presence of arsenic and stannic ion is proliahly indicated ; 
if it is unmistakably orange-yellow, antimony sulphide is undouhtcdly 
present; whilst if it is brown or black the jiresence of stannous, 
platinum, or gold suliihide is indicated. 

More than tins cannot be inferred with certainty from tlie colour 
of the jireoipitate, and in order, therefore, to be certain under all 
conditions, it is necessary also to test a yellow precipitate for anti¬ 
mony, gold, and jilatmum, since small ipiantities of the sul]ihidcs 
of these metals are comjilctely masked by a large amount of stannic 
or arsenic sulphide,. In many cases, however, it is pos,sible to form 
an opinion as to the alisence of gold and jilatinum from the general 
characteristics of the substance under examination, and in the follow¬ 
ing pages we therefore make a distinction between the case when it 
may be concluded that gold and platinum are absent, and the case 
when tlie facts do not justify such conclusion. 
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Dcvcr ipl ion of the process in detail. 119. 

1. There is reason to conclude that gold ami platinum are ahsent. 

(а) The 2 )recipita!e is gellow. A siniill (luaiifity of tlie tlioroiighly 
washed jirocipitiite is heated, not tfio strongly, on tlie lid 
of a porcelain crucihlc, or on n piece of porcelain or glass.l 
(tt) No non-volatile residue is leji. Arsenic may he pre¬ 
sumed to be prcsontand the other members of Group VI. 
to b(^ absent. As a oonfirmatory test a portion of the 
precijiitate is lieat(‘d with a small cpiantity of con¬ 
centrated nitric acid, the li(|nid <liluted and filtered, 
and flic filtrate tested for arsenate ion liy heating it 
with ammonium molybdate (See. '.Ml, ‘.I) ; or a portion 
is digested with ammonia solution, the li(|uid filtered, 
the filtrate cvajiorated with a granule of sodium car¬ 
bonate, and the residue fused with potassium cyanide 
and sodium carbonate in a current of carbon dioxide 
(Sec. 8i), 17). Whetlii'r the ar.senie, was present in 
tiivalent or jientavalent form is determined by the 
methods given m Sec. till, lli. 

(/3) A tion-volalde residue IS left. This indicates the possible 
])rosence of antimony, fin, and arsenic sulphides. The 
analysis is continued at (120). 

(б) The precipitate i.i not t/elloic. or is not coiU[ilctely volatile 120. 

(11!), j8). In that (ulse Ijii, juitiDiony, or arsenic, are 
possibly present.^ The reniaimlor of tin* ])iv(.‘i])itatc is dried 

^ It 13 obvious that this preliminary o\aniinatit>n may 1 k' omitted if tin* 
jireeipitiito has a colour other than yellow, and tliat it is only conclusive when 
the precipitate submitted to the tost has been thoroujihly washed. 

• riie method "ivon m (120, b) is partieularly snilabU'. for Ihc detection of 
tm, antimony and afscnic vvlieii somewhat considerable amounts of both tin 
.ind arsenic sul[)hides are present. If the preei]>itat<! contains only very small 
amounts of tlieso .substanct's, jircfcronce should be given to tlie method described 
HI fSce. 02, 2. This may be represented in tabular form as follow.s :— 

The precipitated sulphides inay contain As, iSh, Sti. The moist 
jirccipitate is treated with fuming HCl. 


Heddne : As2S3(A'»2^^6) If'>l con- 
cciiliiilod HNOa is addotl. 11,A^04 
dissolvctl. Tht* soliitioii heated 
with (Nll 4 ) 2 Mo(i, a j/i'llow 
piecipitate bi amiiKuuum arsenic 
molybdate. 


I'^or further methods of differentiation ami separation, see Sec. i)2. 


Solution ; SiiUlo, SboCIg. Iion i« added. 


Precipitate . SI). J1 
washi'd, i|is,<olved in HiN(h) 
+ tartanc acnl. Solution 
treated witli 11>S nives an 
orangu-ied pieeipitJitt! of 
SibyS.. 


Solution ■ SiiCl^ 
witli llilCA-i wives 
while piccipltate 
of 
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121 . 


completely, separated from the filter,! triturated with 
about 1 part of anhydrous sodium carbonate and 1 part of 
sodium {not potassium) nitrate, and the mixture introduced 
in small portions into a porcelain crucible, in which 2 parts 
of sodium nitrate have previously been heated to a state 
of gentle fusion. 

The flame is removed after each addition of a fresh portion, 
and only replaced beneath the erueiblo if the substance is not 
eoni])letely oxiilised without further heating. 

Too strong heating must be amided (Sec. '.12, 1, p. 

After the fusion is complete the mass is ])oured on to .a 
j)ie<'e of jxjrcelain or into the lid of a poi'c<'lain crucible. 
When cold, the fused mass (including tiu' portion still adlicr- 
ing to the crucible) is treated with a little cold water, and 
the insoluble residue (which must be left if antimony or 
tin is iiresent) is filtered througli a moistened filter, and 
thoroughly washed with a mixture of about equal parts 
of water and dilute alcohol (>Sec. ;)2, I, footnote 2). Tlu' 
liquid used for the wa.shing must not he allowed to run into 
the filtrate. The filtrate and residue are then examined 
as follows :— 

(a) Exiinuimliun of t/ic jilt rale for ureeaale ion. The iKpiid 
is rendered distinctly acid w'ith nitric acid,'! heated 
to expel carbon dioxide and nitrogen trioxidc, and a 
small amount of the solution heated with 2 to 3 c.c. 
of a nitric acid solution of ammonium molybdate 
until the li(|uid is vigorously boiling. If a i/rllow or 
at all events tjellowish precipitate is not formed (a pure 
white precipitate would not prove anything), arsenate 
ion is not present; if, however, such a precipitate is 
formed, it indicates the presence of arsenate ion 
(Sec. DO, D). 

For further confirmation the remaining larger 
portion of the solution is divided into two parts, one 

‘ If owing to the STna.ll quantity of the precipitate this is not jiossible, the- 
dried filter paper with the adliereiit precijntato is cut into .small pieces, I niurali'd 
with sodium c.arbonate and nitrate and ignited as described aliove. But since 
this method has an infiucnco upon the trustworthiness of the test, it should onl.v 
be used when no more sulphide precipitate can bo obtained. 

* Any piocipitato whicli is produced in this process must be filtered off and, 
if necessary, examined as in (123). It may contain traces of arsenic which have 
escaped detection. With irigard to its cause, significance, and treatment, 
see p. 306, footnote 1. 
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of which is tested with silver nitrate, and the other 
with magnesia mixture. To the first jjortion silver 
nitrate is added in not too small amount, and should 
any silver chloride be |)roeipitat(>d,i the liquid is 
filtered, and a layer of dilute ammonia .solution (1 part 
of the ordinary reagent with 2 jiavts of water or, better, 

2 parts of alcohol) is jioiired onto (ho filtrate down the 
.side of tlie inclined testTube, u'liieli is then allowed to 
stand for some time without shaking. The formation 
of a reddish-brown |irccipitate, which forins a cloudy 
susjiension at the juncture of the two la\cis (it may 
be .seen more readily by rellected than by Iransmitted 
light), indicates the presence oi ar.siuiate mn. If this 
is jire.sent m considerable cpiantity, the whole of the 
liquid will be coloured brownish-red by the precipitate 
of .silver arsenate formed, after aceiirate neutralisat ion 
of the free nitric acid, by shaking the contents of the 
tube with ammonia .solution. 

The other jiortion of the acidified solution is treated 122. 
first with ammonia solution and then with a mi-xture 
of inagnesiuin .sulphate or chloiide and ammonium 
cliloiide (p. footnote 1), and the sides of the glass 
vessel gently rubbed with a glass rod. A crystalline 
jirecijiitate of amnioniuni niagnesiiiin arsenate, whiidi 
frequently is only fornied after the Inpiid has stood 
for some time, anil is esjiecially de|iosilcd on the sides 
of the vessel, indicates the presence of arsenate ion. 

As a further confirmation, the prec.ijiilate may be 
washed with ammoniacal water anil dissolved in a 
little dilute hydrochloric acid, the .solution gently 
heated, and the arsenic prei'qiitated by me.ans of 
hydrogen sulphide, or separated in any way in the 
elementary condition {cf. tlec. HD and Sec. fid). The 
methods given in Sec 92. Id may be used to determine 
whether the arsenic was originally present m trivalent 
or in tetravalent condition. 

(/3) Kraiim/atwn of the residue for avlimoinf and fin. .Since 123- 
any antimony in tlic residue must be |ij(‘scnt as white 
pulverulent disodiuni dihydroj^'en jiyronantimonate, 

^ Silver chloride will bo precipitated it the reagents are not ()uilo pure, or 
d thv precipitate has not been thoroughly washed. 
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and any tin as white, flocculent stannic oxide, the 
appearance of the residue sometimes enables pregnant 
conclusions as to its nature to bo drawn, although, 
when doing so, it is necessary to bear in mind that 
occasionally some copper may also be found in this 
residue, owing to cupric sulphide being slightly soluble 
in ammonium sulphide or in sodium sulplioarscnate 
or stannatc solutions. This residue is heated with 
hyili'ochloric acid in the inverted lid of a platinum 
crucible or a small platinum basin, the liquid diluted 
with a little water, and then, regardless whether the 
substance has dissolved com])letely in the hydrochloric 
acid or not, a compact fragment of zinc (free from 
lead) is added. Stannic oxide, and also pyroanti- 
monat(q is reduced by the zinc, and left in the form of 
the respective metal. Ataitnony may be recognised 
by th(5 Uackeninij of the plalinuni, cither immediately 
or after some time. As soon as the, evolution of 
hydrogen has nearly stopped, the- remainder' of the 
zinc t is withdrawn, the zinc chloride solution removed 
by careful decantation and wasiiing, the metals 
heated for a short time with hydrochloric, acid, and 
a portion of the solution (whicli if tin was present must 
contain stannous chloride) is tested with mercuric 
chloride (ticc. 87, 10).^ The separated antimony (and 
also any copper which may bo jiresent) remains almost 
completely uudissolved when heated with hydrochloric 
acid; it may be dissolved by heating it with nitric 
acid containing a little tartaric acid, and precipitated 
for further examination, by means of hydrogen sulphide. 
Jf the solution contains copper ion, this may be jire- 
cipitated as cuprous thiocyanate (See. 75, 11) prior 
to the test with hydrogen sulphide." 

The stage of valency in w'hicli any tin or antimony 
detected was originally present may be determined as 
described in 8ec. 92, 11 or 12. 

r Small amounts of tin may have formed adherent deposits on the zinc. 
They may bo detected by dissolving tbo zinc in hydrochloric acid, and to.siing 
the filtered solution with mercuric chloride (Sec. 87. 10). 

' Should there still be any doubt as to the presence of antimony, since a 
small quantity of the metal deposited on platinum will dissolve when heat* 
with hydrochloric acid (Hec. <11, il), the remainder of the hydrochloric aciu 
solution should bo tested with tin in a platinum vessel (p. 3«). 
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3. There is no reason to infer that gold and platinum are not present. 124. 
In tliat case advantage is taken of the fact that the sulphides 
of tin, antimony, and arsenic volatilise in the form of chlorides, 
when heated with an intimate dry mixture of 3 to 5 parts of 
ammonium chloride and 1 part of ammonium nitrate, whilst 
auric sulpliidc and platinum sulphide, when treated in the same 
way, l(«ive a residue of the elementary metals. 

Tlie process is conveniently carried out in the apparatus 
shown in Fig. 51, the arrangenumt of which re(iuircs no 
explanation. 



The tube ab is about 30 to 40 cm. long, and about 16 mm. in 
diamiher. Tlic porcelain boat c intended to leccivc the mixture 
is made, in the same way as that shown in Fig. 47 (p. 351), but 
as a rule a somewhat larger one (7 cm. long) should he used. 
The boiling llask d, which has a capacity of 150 to 180 c.c., is 
about half filled with water containing a little hydrochloric acid. 
The flask c, which serves as an asjiirator, contains about 2 litres. 

After the a|)]iaratus has been ]irejiarcd. the ilrg precipitate, 
consisting of or containing the sul|ihides of tin' sixth group, is 
mixed by careful trituration with about 6 jiarts of the dry t 
intimate mixture of ammonium chloride and ammonium 
nitrate, the mixture introduced into the boat, and the latter 

* If the precipitate of the sulphides or the ammonium s,alta is not quite 
dry, the mas.s readily frotlis over the edge of tlio boat wlien heated. If any 
material quantity of water is liberated, the tube may easily break when the 
condensed water Hows over the heated part of the glass. It is, therefore, 
advisable to fix the tube in the clamp in such a way that 6 is considerably lower 
than a. 
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placed in the tube ab in the position shown in the figure. A 
cork, through which passes a short open glass tube, is inserted 
into the tube at a, the tap f (glass tap or screw pinch-cock) 
opened, and a moderate current of air made to pass from a to h. 
The contents of the boat are, now heated, gently at first, then 
gradually more strongly, and finally strongly. A white sublimate 
is soon formed near c (between h and c), and gradually becomes 
more pronounced. As soon as the, whole of the volatile sub¬ 
stances have been expelled from the boat, the tube is allowed 
to cool, and the boat withdrawn by means of a wire provided 
with a hook. If the boat contains no residue, gold or platinum 
is not present, but if a residue of metallic appearance is left, the 
first part of the test is finished. If. however, the appearance 
of the residue suggests that the whole of the, antimony, tin, or 
arsenic sulphide has not yet volatilised, it should be covered with 
a fresh layer of the mixture of ammonium chloride and nitrate, 
and the boat replaced in the tube and again heated as before. 
'I'he following tests are ajiidied t.o the residue and sublimate 
(a) Residue. 'I'liis is dissolved in iKjva regia, with the aid ol 
gentle heat (Chap. III., Ko. 2tl), and I he solution evajMirated 
to a small volume, and tested for gold and jilatinum ions 
as in Sec. Sti. 

(h) 'fhe tube ab is wnislu'd out with the acidified 

W'at,er (which may sometimes show a white turbidity) 
jireviously ]daced in the boiling lla.sk d, the liijuid treated 
wdth hydrogen sulphide, whether or not any such tm’bklity 
is present, and the precipitate se]iarated, washed, and 
tested for tin, antimony, and arsenic as in (ll'J) to (123).' 


Seo. 108. 

Detection of the Cations ol Group V 2 . 

Lead, Bismuth, Copper, Cadmium, Mercuric Ions. 

General Hurley. 

On boiling the sulphides of the fifth group with dilute nitric acid 
mercuric sulphide remains undissolved, whilst the other sulphides 
are converted into nitrates and dissolved. When this solution is 

^ For other methods of separating the ions of gold and platinum from those 
of tin, antimony, and arsenic, see fciec. 02,14. 
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treated witli aulpliuric acid, lead ion is precij)itated as sulphate, 
and may be separated almost quantitatively by evaporating the 
liquid until practically the whole of the nitric acid has been expelled. 
The filtrate containing the bismuth, cupric, and cadmium ions gives 
a white precipitate of bismuth hydroxide when treated with ammonia 
.solution, whilst the cupric and cadmium ioirs combine with ammonia 
to form complexes soluble in wati'r. If the amnioniacal solution is 
evaporated, rendered just acid with hydrochloric acid, and treated 
with an aijueous solution of sulphur dioxide and with potassium 
Ihiocyanate, the cipiric ion (owing to its being reduced by the sulphur 
dioxide to cu|)rons ion) will be comidetely preci]iitated as cuprous 
thiocyanate. The c.adniiiini may then be jirecipitatcd as yellow 
cadiiiiiim sulphide from the lilti-ate, after removal of the sulphur 
dioxide. 

'I'his scheme of sejiaratioii may be represented in tabular form as 
follows ;— 


Tilt, porimn of the. hydrogen sulphide prccii>it.ato insoluble m ammonium 
Rulpludo may possibly oontain : PbiS, Bi .S,, L'uS, CdS tt is boiled 

with dihitf* UNO, 


liliick n "'iihic : 
[It'S , Inillcd v\ il li 
H('l I K'clo,. mvx 

'ohil Kill <il 

Alli'i Ixiiliiit; <ilt 

.111(1 .iiMit imi 111 

Sti( L, \\hll(.- IHr 
ITlUlldc oj llKoCio, 
(II gifv ppt. oI'Hk 


SolulMii • ni(NO.>).q, <'ii(.V<(’<1(N0;,)2 ril^.SO,,, 

(’v;it«>iiit*‘(| (HI watci'batli until all HMI3 li.m bcrtn e.\pelled. 


I’K‘( ipitatc 
PbSO,, , lic.ilfd 
with Kot'iOji;i\f'.' 
J’liCifT,. soliihle 
III iNiion viiiiituiii 
1l<Ml(‘d \V|( [| lU'Ct K 

acid Kivcs vcllriw 
l){if. of PbCiO, 


Solution; ('.ISO,, CdSO^ , i-Nll 4 U]I. 


i’lct ipilatc • 
Bi(()H), iMv- 


holved ill a little 
HCI Solution 
diiille(| vMlli 
liiiK'll uatei. 
Wlllfc ( MI lildlt V 

of Bi< )('i. 


Soliilion • (.•ii(NU 3 )„(()H) 2 . 

(■d(Nir3)„(<>ii)2; -HJK'i; 

(■U('l„ CdCt, I SOg I Kt’NS. 


1 JU-(l-\vlij((‘ 

Solutiou: 

1 |nc( uul.’itc ; 

('del., evTviior- 

CuCWS. 

iitpd to e\|Hd 


.'iO, ; tHjS 


yclkiw CdS. 


Procrus in ddail. 

Thr 'prcci'pitdto which h<i'< not hem dissolved h/f oniwonium (or ^25. 
sodium) sulphide is tlioronjilily washcMl and boded with dilute nitric 
(leid ((diap. JII., N(^. 32). 1'lns is lipst doiu* in a small ])OTcelain liasiii 
by luNtiinn; t\io |>reci]>itat,o with a little water, and gradually tidding 
nitvici acid, while tlio liquid is oontinindly hmitc'd and stirred. A 
liirge excess (^f acid should lx* avoided (('l)a]i. 111.. No. 32). 

If llie solution turns brown the luoscnro of platinum ion is indicated, 
this having nunaiiu'd imdissolvod in tlie treatment with ammonium 
«ul}iliide, and then dissolving as nitrate. Witli regard to tlie procedure 
in this case, see Chap. Til , No. 31. 
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126. 1. prcci}>italr dissolves, and only light flocculenl tjellow svljdinr 

separates and remains in the liquid (Chap. III., No. 32). The 
absence of mercuric sulphide is indicated. Cadmium, cupric, 
lead, and bismuth ions may be ])re.seut. The liquid is filtered 
from the separated sulphur, and the filtrate freed from the 
greater part of the nitric acid by evaporation, and treated as 
follows (or as in Chaji. III., No. .37):— 

A portion of the liqui<l is heated with dilute sulphuric acid 
in not too small a quantity, and allowed to stand for some 
time. 

127. (a) No qyrcciqnlatc is fornisd. The absence of lead ion is in- 

dic.atod. The remainder of the liquid is treated with excess 
of ammonia solution. 

128. (“) No precipitate, is formed. Bismuth ion is absent. If 

the liquid is hive the qnrsence of copjier is proved. Very 
minute (piantities of cupric ion, however, might be 
overlooked if merely the colour of the ammoniacal 
liquid were taken into consideration. In order, 
therefore, to bo certain on this point, and to detect 
(aidniium ion, the ammoniacal liquid is (wa|)orii.tecl 
nearly to dryness, diluted with a litth^ water, and 
rendered <inly just acid with hydrochloric acid, and, 
if the presence of cupric ion. has not ulreiid// been recog¬ 
nised with certnniig by the blue colour of the, ammoniacal 
solution, a small ])ortion is treated with ])otas.sium 
ferrocyanidc. If a rcd<lish-brown jirecipitate (or in 
the case of very minute quantities of cupric ion, a 
brownish-light red turbidity) is |iroduccd, copper is 
present. 

According to whether cupric ion is present or not, 
another portion of (he liquid is treated as follows:— 

j29. (<«') Cupric ion IS not present. A portion of the solution 

is treated with a little more hydrochloric acid, and 
then with hydrogen sulphide water. A i/clloio 
precipitate indicates cadmium ion. 

If a pure yellow preciiiitatc is not obtained here, 
the procedure desorih<‘d in Chap. III., No. 30, is 
followerl. If the precipitate produced in the acid 
solution by hydrogen sulphide contains zinc sulphide 
{cf. footnote 2, p. (ill, the ziue will be found in the 
liydroehloric acid solution, if necessary, freed fiou' 
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cupric and cadmium ions, as in (129) and (130), and 
may be precipitated therefrom l)y tlie addition of 
ammonia, oi‘, if Jiec(issary, as white zimi sulphide by 
moans of ammonium sulpliide. 

{hb) Cupric ion prcfioil. Sulphur dioxide solutioii 130 . 
in (joofl eunditioii, or liydroxyluinine or liyiirazine 
sulphate, witli potassium thiocyanate is ad<led, 
and a red<lish-\vhit(“ precipitate of cuprous tliio 
cyanatc obtained. 

If a dark precjpitale ot cnpric thiocyajiufc is 
obtained, insufficient reducin^i agent was pies<‘nt and 
jnorc must be added. 

The precipitate is alloweil to subside in a warm 
place, a portion of the liquid Jiltcri'd without 
disturbing the procipil ate. and the rlcur httratc 
lieated to expel sulphur dioxide, and tested for 
cadmium ion as in (TJ'J). {rj. (!hap. IJI., No. 30 
and Sec. 78, 0). 

(jS) A prmpitaU- i.s fonned. Btsiiiulh imi is ]iiTs<'ii1-. 'I'lio 131 . 
preoi)>itat(‘ is liltcrcd nil, ami tl]i' liitrata Icstccl (cir 
coiijier. aa(liiiium{aml for zinc, ion, wlncli may |>ossil,ly 
bc present licre) as in (128), whilst furtln-r tests tor 
bisniulli are applied to the washed procipilati'. A 
small ipiantity of the moist precipilale is (lanstcrrcd 
to a clock glass by means of a glass rod or a spatula, 
preferably after taking (he filter from the funnel 
■■ and pressing it witli absorbent pa|per to remove 
adherent water, and dissolved in llie .smallest iiossihle 
ipiantity of water, and the solution diluted with 
water in not too small an amount. A milky turliidily 
confirms the pre.senee of btsviuth. 

If the reaction does not occur nlien these directions 
are. accurately followed, the. iiredpitate produced by am¬ 
monia consisted of other !iydro.\ide.s, e.i/. ot iron. In (hat 
particular ca-so the ammonia precipilale is usually reddish- 
brown. A te.st for ferric ion is made by treating tlio solu¬ 
tion with potassium thiocyanate (see Chap. III., No. 3o). 

(6) yl frccifituU’ is froduml hi/ svlplmrw (iciil. Jsxid ton is 132 . 
present. The whole of the nitric acid solution is evaporated 
with sulphuric acid in not too small a ipiantity in a porce¬ 
lain basin (Chap. Ill., No. 34) on the water-bath until the 

40 
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nitric acid has been completely expelled, the residual 
liquid then diluted with water containing a little more 
sulphuric acid, and immediately filtered from the insoluble 
lead sulphate (See. 7(), ID), and the filtrate tested for 
bismuth, co])per, and cadmium ions (and also for zinc ami 
iron ions, wliich may jiossilily be present here) as in (127), 
whilst the precipitate is washed and invariably examined 
by one of the methods descriliod in Sec. 7S, ,'J. 

133. 2. The •prrcipiUUe of the metal aulphidcs is ml completely sohihle in 
hoiliny nitric acid, but a residue, in addition to the supernatant 
sulphur, is left. It is probably (almost certainly if thi‘ ])recipitat(! 
is heavy and black, Cliap. III., No. 32) mercuric sulphide. II, is 
alloweil to subside, the solution (whirdi is still to lie t('sted for 
lead, bismuth, copper, and cadmium ions, as also for zinc and 
ferric ion, which may possilily l)i! [)resent here), tiitm'od, .and a 
small portion of the filtrate tested with a large e.xeess of hydrogen 
sidphide wiitcr, and should this produce no precipitate, ammonia 
and ammonium suphide are added. If no precipitation or 
coloration results, the absence of other cations of (Iroup V. is 
2 )roved, If a precipitate or coloration is produced, the remainder 
of the filtrate is treated as in (12(i). 

The residtie, which, in addition to mercuric sulphide, may 
also contain cadmium sulidiide retained by the mercuric srd 2 )hide. 
lead suljdiate formed by the action of nitric acid on lead sulphide, 
also stannic oxide, and jiossibly also gold and platinum suljihides 
(since tlu' separation of the suliihide.s of tin, gold, and jdatmum 
from those of the fifth grouji is frequently incompileto), is washed, 
and a jiortion of it tested for mercury ^ by dissolving it in 
hydrochloric acid containing a little jiotassium chlorate, and 
treating the solution with copjier or stannous chloride (Sec. 71, 
6, '.)). 

If cadmium and lead have already been detected as in (12!)) 
or (132), tin as in (123), and gold and platinum (if they need be 
taken into consideration) as in (124), a further examination ol 
the residue insidublc in mtric acid is unnecessary (Chap. Ill . 
No. 33). Otherwise the following jiroeedure is adopted ;— 

* If an aqueous or very dilute hydrochloric acid solution was under ex- 
amination, tho mercury .found was jtreseni in the original substance as a mcrcuiic 
compound. If, however, tho solution had heen obtained by boiling the suli. 
stance with concentrated hydrochloric acid, or heating it with nitric acid oi 
aqua regia, tho mercuric ion may have boon formed from a mercurous compound 
originally present. 
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Tlio remainder of tiic residue is heaUid witJi a concentrated solution 
of ammonium acetate, and is thorouglily extracted therewith if lead 
urn can be dct(^etc«l with hydrogen sulphidi' in a ])ortion of the filtrate. 
The residue, which is usually left, is waslu'd and heated, witli a(;cess 
of air, in a porcelain crucible in a fume cupboard, whereby any 
mercuric 8ulj)hide present volatilises. If a resiiliu' is left, it is hi^atcd 
with a mixture of equal parts of sodium earbonale and potassium 
cyanide over a small flame until it just fuses, and the mass tlusi eooled 
and treated with water. Jf a metaJlie jiowdi'v is left undissolveil, 
it is wash(‘d and heated with concentrated hydrochloi-ic aeid, the 
liquid diluted and filtered, and a poi'tion of tiu* filtrate tested for 
<stiiiuinus ion with mercuric cliloridi*. The remamdeu' of tli(‘ solution 
i.s treated witli a moderate excess of sodium or jiolassiiim iiydroxido, 
an<l filtered from any wliite jueeijiitatc Kunaining iiiulissolvc'd, tlie 
latter washed and dissolved in iiydrochloric aciil, and tiie solution 
ti'sted with hydrogen sulphide for milnwiin ion. Any residue left 
from the treatment of the metallic powdm' with liydtochloric acid 
is heated witli nv/m, aiul the solution tested for ^old and 

plahnnnn ;is in Sec. DO. T'lu' a({ueous solution of the fused mass, 
howiiver, wlueli contains potassium eyauide, is tri-ated witli hydrogen 
sulphule water, since it may contain cadmium ion. 


.Sec. !()*,». 

Destruction ot Organic Substances in the portion ot the material 
to be tested for Members of Groups I. to IV. 

(icarral Sarrr//. 

The process outlined in the following sections for the further 
examination of the sulistancc free from ineiuliers of (Jroiip V. and VI., 
presuppos(\s that organic snlistances are not pri'soiit, since those 
may have a disturbing inlliieiiee (Vluq). 111., No. .‘>U). 

Jleiua*, Ix'fori! the substance can be submitted tii iintiier exaiuina- 
tion, it is essential to destroy any oigaiiie. substances wliicli may be 
firesent. (Whether this is necessary will be sliown by tiie preliminary 
ex'amimition (10).) This is done by dilfercnt mellio<ls, using two 
portions of the substance. 

(tt) By fusing the ]H>rtion intended for tlie detect ion of (tronp.s II. 
to IV. with alkali carbonate and nitrate, and dissolving the 
fused mass in dilute hydrochloric acid. 

(j8) By heating the jiortion intended for the detection of alkali 
metals with concentrated sulphuriij acid. 

Bor this pui'pose tlie substance, which is free oi' lias been freed 134 » 
from members of Groujis V. and VI., and js soluble in water or acid, 
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is used. That is to say, citlwr (a) the filtrate obtained in (113); or, 
if no precipitate was produced by hydrogen sulpliide, (b) the filtrate 
from the precipitate produced hy hydrochloric acid, as in Sec. 1G4 ; 
or, if hydrochloric acid has produced no precipitate, (c) the solution 
obtained in Sec. l.h.'), after filtration from any residue insoluble in 
acids (41) ; or (d) the original substance itself, if it does not dissolve 
completely in water or hydrochloric acid, and any solution obtained 
does not give a jirecipitate with hydrochloric acid, or with hydrogen 
sul]ihide. 

Proccsn in detail. 

The jircliniinary examination (10) proved— 

(rt) The (ihsence of ori/aniv unlislancc.^. 'I'he examination is 
continued at Sec. 170. 

(h) The presence of organic suhstanees. A jiortion of the sub¬ 
stance is treated as in (ITo) and another ])ortioii as in (13G). 

135. (“) Potlion taken for the detection (f )iirinberH of (iroaps 11. 

to IV. According to the conditions in (131) cither 
tiie grc'iitcr juirt ol tiie solution a, 6, or e mentioned in 
(131) is cvajioratod nearly to dryiu'ss and treated witli 
a slight excess ol sodiinu carbonate and a little potas- 
smni nitrate, or a portion of the original substance 
(131, d) IS mixed with sodium carbonati^ and potassium 
nitrate, and m either case the mixture heated in a 
platinum vessel until the organic matter is destroyed. 
The fused mass is treated with water, the solution, 
together with the insoluble jiartielos left in tln^ platinum 
vessel, IS transferred to a glass or porcelain ves.sel, 
acidified with hydrochloric acid, and heated (with the 
addition of a little alcohol,^ if the solution is yellow, 
to reduce any chrumato ion present to chromic ion 
(Sec. lOl, 5)), until everything has dissolved.- The 
solution is treateil as in Sec. 170 (137). 

136. (^) Portion taken for the deleelion of alkali metal ions. A 

]){)rtion of the solution a, h, or c mentioned in (134) 
is evaporated in a porcelain basin to dryness, and the 
residue thus obtained moistened, or, in the case oi 
d (134), a portion of the original substance is heated 

* Or any other suitable reducing agent (not sulphur dioxide). 

* Should a residue inaolublo in hydrochloric acid (silicon dioxide) remain, 
it is examined as in Sec. 170. 
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with pure concentrated sulphuric acid in a fume cup¬ 
board or in the open air, until the bulk of the sulphuric 
acid has evaporated, the liquid cooled, diluted, and 
filtered, and the filtrate treated as in (170). 


Sec. 170. 

Precipitation with Ammonia and Ammonium Sulphide. 

Separation and estimation of the Members of Group m. (as 
hydroxides), IV. (as sulphides), and H. (in the form of certain 
salts). Aluminium, chromic, manganous, zinc, nickel, cobalt, 
ferrous and ferric ions, also barium, strontium, calcium, and 
magnesium ion (with phosphate, borate, oxalate, silicate, and 
fluorine ions). 

(h'ncrai Survey, 

Since incinbcrs of th(‘ sec.oud group cun only be so])aratc(l in 
the )>rccipitate ])rodiiced by ainnioiiin and aninioniinn siiljdiide 
when the anions nunitioned in the licadline are j»r(‘seiit, it is, as a 
rule, only necessary to tiike them into (consideration when the original 
solution was not a neutral aqu<‘ous one. but was an acid one. 

Small quantities of tlio alkaline enrtli metal ions may also be 
precipitated with aluminium or chromic liydroxidu in the absence 
of the anions mentioned. 

If the presence, of miunbers of (Tiuiip II. has to bo taken into 
consideration in the ammonium sulpliide precipitate, a somewhat 
more; lengthy process is necessary for tlu'ir detection (loO). It is 
also advisable to use this process in the case of solutions originally 
alkaline and sucli as contain chromic conqiounds (recognisable by 
their colour) (Chap. III., No. 17). In other cases the simpler, more 
easily followed process is .sullicicnt. 

A. Simple Procejift, 

{fj'ihe original soltd/on was an agueous otw, ihe absence of 
muierud quantities oj chromic ^on is indicated.') 

The (irecipitate ]>roduGed by ammonia and ammonium sulphide 
is treated in the cold with hydruchloric acid diluted, with hydrogen 
sulphidf^ water. This h'aves the suljihides of cobalt and nickel 
prai^tii’.ally undissolved. although small quantities thereof aie dis¬ 
solved simultaneously with the other metals. 'J’he residue is ignited 
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with access of air, dissolved iii a<iu(i regia, and cobalt ion precipitated 
from acetic acid solution by means of potassium nitrite (the con- 
diiiorus drsenhed below hemg rigidly ohf^erxxrl), whilst nickel ion is 
j>reci|)ila(od by nu'ans of sodium hydroxide in the filtrate from the 
coliult precipitalo. 

The hydrochloric acid solution, which has boon filtered from the 
bulk of the nickel and cobalt sulphide, is freed from hydrogen sulphide 
by boiling, oxidised with nitric, acid, and boiled with an excess of 
sodium hydi‘(»xide. 

Aluminium and zinc remain in solution in the form of anions. 
Ferric, manganous, and chromic ions (together vvdth the rest of the 
cobalt and nickel ions) are precipitated as hydroxide.s. Zinc ion is 
detected in the solution ))y moans of hydrogen sulphide, and 
aluminium ion by means of ammonium chloride or hydioidiloric 
acid and ammonia. 

A portion of tlu^ precipitate is dissolved in hydroihloric acid, and 
tested for ferric ion by means of potassium thiocyanate, and anotlier 
portion is tested for manganese and chromium by fusion with 
potassium chlorate and soiliuiu carbonate. The former is indicated 
l)y a red or grcMui (coloration, the latter by a yellow coloration. If 
manganese is pri'seiit, tin* fused mass is diss(jlved in water, and th(' 
solution boiled after the addition of a little alcohol or hydrogen 
peroxide, wheirby the manganate ion is riMluced and hydrated 
manganese dioxi(h‘ preci])itat(Ml, with th(‘ result that the yellow 
colour of any chromate ion which was formerly masked is tendered 
visible. 

This method of separation may be represented in tabular form as 
follows:— 


Possibly prcs<nt; CoS, NiS, I'oS, MnS, ZnS, Al(OH) 3 , Ci'(Oll)., 
tlu' cold with I part IICI -\- 4 ])arts water 


'J reated in 


Itcshlue • CoS, NiS, (l'\'S) C«i(), NiO, 

(re->(> 3 ) <li^S 0 lVC(| 111 (///«« Il'iflXi. CoCI). KlCl.n 
■ (F<ai;,) Itcaliil with Ml,OJl 


Solution • 

Ci>(Nlp,),('l2 l‘i\.l|>n| alt'll 

to (ImiC'-i. Aunnoiimm miUs 
exjicllecl. Inf-sohctl in 
rt’duis C'oClj, MCL \'ith 
XagCU^, piecipitatc (Tf CoCO^, 
Xi ('’'03 (livMilMal III acetic acid 
I KNO.. 


J'iccipitatc . 
[FetOlDjI. 


l*reci])itate: 
vcllow 

KatCotNOg),,]. 


Solution : 
Niccyrgopj 
-f-NaOlT; giecn] 
piecipitnte of 
NKOUlg. 


.Soliilioii ; KcCJ.. .MilCI.,, ZllCb. (NiCb, 
CoCIlO, AK'Ij, CiCI.,, I12S boiled oil 
-! licalcd to loiiu l''cCl 3 fNaOH 

ill excess. lloilctL 


riccipitalc • Fc(()H) 3 , 

Cr(OlT) 3 ,Mn(OH) 3 ,[Co(i)U) 2 . 

Xl(Oll)al. («) DissolvtMl in 
JlCl + KCNS : ted ooloiatlon 
olFetCt^Slg. (A) Fu!!<j <1 with 
KClOj f-XiigCOs. (Irecnor 
red mass KoMnli^or KMnO|. 
Oissolvtal 111 water+alcohol, 
boiled. 


Precipitate 

Mii(OH)4. 


Yellow 

sohPlon 

KaCr 04 . 


Solution: 
Zn(ONa)., 
Al(ONa) 3 . 
(n) fa little 
JTjS : White 
ppt. ZnS, 
ib) rHCl till 
add+ 2 ^ 113 . 
Whitoprecipl* 
tatc AI(0I1)3- 





SBC. 170 AMMONIUM SULPHIDE PRECIPITATION 631 
B. Conifrchensivc Procesi. 

If the original solution was acid, certain salts of the alkaline 
earth metals may also separate with the amiuoiiiiim sulphide pre¬ 
cipitate ; if it was alkaline, silicic acid may he prc.sent in the pre- 
ci[)itate. If a considerable amount of cliromic ion is present, the 
whole of (lie zinc ion may be precipitated .at the s.ame li]ii(( as the 
(diromie ion. on boiling tin* solidhni wit.h sodium hydro.'cde (p. 2G(>). 

In such cas(!S a more compndiensive process. includiTig all sub¬ 
stances whicli may po.ssdily be presciit. should be usetl ; it is based 
upon the following principles ; The ammonium sulpiddf (irecipitate 
IS treated with hydrochloric .a(,id diluted with hydrogen sulphide 
water. The suljihides of cobidt and nickel, logether with any 
sdicic acid and calcium fluoride, will be left m the insoluble residue. 

A ]«)rlion of this residue is treated with iiijim in/m, and any 
insolidile residue tested for silicon dioxide as in the analysis of 
substances insoluble in acids (Sec. 17!)). whilst the m/im m/in solution 
is tested for nickel and ecdjalt ion, as in the simple process just 
desiTibed. Another portion is tested for fluorine ion by means of 
sulphuric acid (etching of glass, or, if .silicon dio.xide is also present, 
e\'oiulion of silicon fhuiride). 

The following tests are ajjiilied to the hydrochloric .acid solution 
of the ammonium sulphkle precipitate ; — 

(d) iV portion is tested for barium, strontium, and calcium ions 
by means of sulphuric acid. Any sulidiate prcci|)itate is 
fused with sodium ciirbonate, and tested for barium and 
strontium ions by means of potassium chromate and .alcohol. 
(b) Another portion is freed from .sulphuric acid by boiling, 
oxidised with nitric aciil, and examined as follows 
(a) One portion is tested for ferric ion by means of potas- 
siulu i/liiocyanatc. 

(fi) A second portion (after neutralisation of most of the 
acid by means of sodium carbonate) is treated with 
barium carbonate in the cold, to precipitate ferric, 
chromic, and aluminium ions on the one hand, and, 
oil the other, anions which, in coiiibin.ation with 
alkaline earth metal ions, have sejiarated with the 
precijiitat.es, (In order to effect this jirecijiitation 
conijiletely in the case of phosphate and silicate ions, 
ferric chloride is added, and a preliminary test must, 
therefore, be applied in (a) for ferric ion.) Chap. III., 
No. .37, c. 
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The barium carbonate precipitate is boiled with 
sodium liydroxidn solution, wlicreby aluminium ion is 
dissolved as alumiuate inn, which may bo detected in 
the filtrate by means of hydrcHdilnric acid and ammonia. 

Thi^ barium carbonate (irecipitate, which h.as thus 
been boiled with scxlmiii hydroxide solution, is fused 
with potassium chlorate and sodium carbonate. A 
yellow coloration (chromate ion) indicates c/ironiiiitn. 

'I'he solution separated from the barium carbonate 
■ precipitate is treated with ammonium sulphide, 
whereby only raaneanous and zinc ions (toeotlier 
with tlm rest of the cobalt and nickel ions) can be 
precipitated as sulphides, whilst alkaline earth metal 
ions (after removal of the disturbing anions) remain 
in solution. 

I'his second ammonium sulphi<le ]ireci|rit.ate is 
dissolved in hj'drochloric acid diluted with hydrogen 
sulphide water (the prcci|)itate of thc^ remainder of 
the ni(;kel .i,nd cobalt sulphides being filtered off), tln^ 
hydrogen suljrhidc removed by boiling, and the li()ui<l 
treated with excess of sodium hydroxide. Manganous 
ion is preeijiitated, whilst zinc ion dissolves (as zincate 
ion) and may be, detected in the a<iluti(}n by means 
of hydrogen sulphide. 

The filtrate from the second a.mmouium sul])hide 
precijiitate is freed from barium ion (originally present 
or introduced into the solution by the preci)ntation 
with barium carbonati') and from most of the strontium 
ion by means of suljihuric acid, and the remainder 
of the strontium ion and the calcium ion arc pre¬ 
cipitated from the filtrate by means of ammonium 
carboirate and oxalate. The filtrate now obtained is 
tested for magnesium ion by means of sodium am¬ 
monium hydrogen jihosphate. Further tests may 
be ajiplied to the ammonium .sulphide ])recipitate for 
the anions which, in combination with alkaline eaidh 
metal ions, are simultaneously precipitated. In this 
general survey, and in the following table, this last 
examination is not taken into consideration. For a 
detailed descrijition of this, re.fcrcncc should be made 
to (160). 
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The comprehensive method of separation may be 
represented in talnilar form (])|). 634, 035). 

It may be mentioned with reference to both of 
tlicse methods tliat it seldom, if ever, happens that 
all llic Kuhslatia's which nilf/hl. imusihli/ be present occur 
in the aimnoniiini sulphide ]ireeipitate. at the same 
time. Thi.s naturally simjildies the methods to a 
corresponding e.xteiit. 

D"srription of t/w jirceeilinff process in ileliiH. A preliniinanj 137- 
test is mole to see whether nmnnniiinn stdphide produces (imj 
precipitote. 

Kor (his purpose there is used— 

(o) Ifonianie suhsUinees arc not present, the sample which was 
treated with hydrogen sulphide in (llO), or, if hydrogen 
srd[)hide produced a precipitate, a portion of the filtrate 
se[>ara(;e<l therefrom (113). 

(b) If oripmie substdm'cs are present, a portion of the. liipiid 
(d)tained in the treatment in (135). 

In the case of (it) a portion of the lirpiid in which 
hydrogen sulphide has ])ro<lu(H‘d no precijiitate, or only a 
•separation of sulphur (lid), or the filtrate from the pre¬ 
cipitate formed (113), is exaininod in a te.st-tubc to see 
whether it is coloured or not (dhap 111., No, 14), and then 
boiled to expel any hydrogen sulphide still present, treated 
with a few drops of dilute nitiic acid, again boiled, and the 
colour of the liquid again noted. If a yellow coloration is 
produced during the boiling with dilute nitric acid, ferric 
ion is usually indicated, but the coloration may also be 
due to liberated iodine, which may be recognised by its 
odour, and should be removed by cva)joratiou (Chap. 111., 

No. 4.5). If the licpiid does not contain sullicient hydro¬ 
chloric acid to form the requisite amount of ammonium 
salt (Chap HI.. No. 41), a little ammoniuni chloride is 
added, and then ammonia solution, care being taken to 
render the Ihjuid only just alkaline (Chap. 111., No. 43). 

It is then heated, the formation of any precipitate being 
noted, and finally treated with ammonium sulphide, 
whether or no a precipitate was produced by ammonia 
alone. 

In the case of (h) a portion of the solution obtained in 



634 PRACTICAL METHODS OF OEl^ERAL CODRSE ch. i 


Tlio Auiinoniinn Sulphide prooipitato may possibly cont 
CrPO„— 15 ^ 3 ( 1 * 04 ).,, SrJPO,)^, Ca3(P0,)2. MgNH^PO^, BaB^O^, S.B 
MgSiOg, BaFj, SrFa, CaFg, MgF^, J-L' 


Hcsidno: (5oS, NiS, (Ft.*S), JljSiOg, CaPj* 


Solution: Fel/lj, ]\!n 


(«) Ii'mted, wilh IK 1 ! NITOrviiiiinalrii witli 

IK'l to iliyiKMf |{»>s>tlne l.reritofi with IICI ^ 


Itvsidm^ 

SiOa.CjiF., I Nn.>a),. 
fusrd. IVIiissdis- 
H()lvc<l in vv.vUt. 


lU'sIdiii* 

CaF, 


SoliltH'ii . 

.\ilnS|()3. 

(N"aF) 
4 -JlCl 
ova]i<)- 
j.itod to 
dtyiiesH 
Rfsldllr 
ticiitod 
w-illt l[(‘l 
K(‘sidnt‘ 
SIO.. 


SoUd-uni • roCK. (I-V(‘R) 
i NlfjOJl. ■ 


tail' 

Fe(()U). 


l''iMrute: CotNIInljCL, 
NKNilal^Cla, 

cNapoiated to <ityiH'sM, 
animoiintiu salts expoUed. 
Ilcvidno; ('uO, Nd) 
di''''olv(‘d in unwi X'l/IH, 
cxcoss td ar-id remov'd 
d-NaoCDj. Ki«‘cipitat(!: 
.t'oCO^.NiCO.,-! 1 K' 2 IV >2 
j Solution. (■o((' 3 H 3 t) 2 )a, 

' N|(C’2H3<)2)2+ KN()2 

Kicciiatate. | I'iltralc 
I yidlow 1 Ni((' 2 lfa‘t 2)2 
.KaCotNUo)^ 1 -hNaOll. 

! ^ I tncf'ii 

I Ni(()IJ)2. 


(h) llcalcii 
wii,h 
HaSO^. 
ilF 

cscaiM's, 
rocoynisrd 
by it.s 
(‘tchhiK 
action on 
Klass 
(Cal'V. 
or if silK'ic 
acid IS 
piCM'Ilt 
l-siOa 
+ lf2SU4, 

JieaK'd, 

SiFj 

bscaii<'s andl 
II 2 S 1 O 3 
separales 
111 a drop 
t>l waK'r 
(Cab’ 3 ). 


(a) I H 2 SO 4 . 


Prfcipit.aU!. 

Seliil 

U:iS(),,SiS 04 (C’aSI)p, 
(uwd vvitli Naat'Oy 

UlCUll 

of (ill 

1 ilaO. 

iV iiiu 

IK'sidiU! : 

' ]''iitratc . 

-i Mii' 

IhiCOs, 

! Nil.,SO,. 

-1 :4|i 

SiCO^ 

((’aCOg). 

: 

<lili 


id<<,| 

illJirtolvod 



in 


t;iT, 

JlColIsjO., 
d JCaCio., 


CaS' 

Pre<-lpi* 

Filtmte : 


I;dii : 

+ NH,Oir 


BaCrOf 

1 

1 dilute 
alcoliid 

Precipi¬ 
tate . 
Srt'iO^. 



(135) is f.rcatril. if ni'ci'ssiuy. witli 11 liUle uninioniiim 
olilorklf (Chap. 111,. No. II), iind tlu'ii carefully with 
anuiioiiia .solution uiilil llic leactioii is just alkaline 
(t'haj). III., No. 42) aiul heated, a note heiu^ taken whether 
a ]ireci[>itate is formed, a,u(l is finally treated with am¬ 
monium suljihido. 

138. {«) A jyreclpltalv was vol produced cillier hij ammonia or 

ammonium sulphide. 'I'iio analysis is continued at 
Sec. 171, for iron, nii'kcl, cobalt, zinc, manganese, 
chromic, and aluminium ions are lioi jiresent, nor arc 
jthos])hatc, borate, silicate, oxalate, or fluorine ions, 
together with ions of alkaline earth metals or silicate 
ion (originally in combination with otlier cations). 
(With regard to salts of the alkaline earth metals, 
however, see Chap. III., No. 46.) 

^ If all H 2 Si 03 and CaFj arc .simultaneously present in this residue insoluble 
in KCl, the wliolo of the or of the lliiorine ion or of both may vointihes 

during the solution in aqiin regia or in the evaporation with IICI (see Chaps. 
III., No. 63 and 87). 




SEC. 170 AMMONIVUf SULPHIDE PRECIPITATION 635 

, NiS, FeS, MnS, ZnS~Al(OH)3, Cr(OH)„ or A 11 > 0 „ 
jOj, BaiJ-jOj, SrCjOj, CaCaOj, MgCjO,, BaSiOj, SrSiO,, CaSiOj, 
part [101 and 4 parts H.aS wator. 


(t'ol'lj, Niti,),—AU'lj, OrClj—BaOlj, SrClj, CaCI^. MgClj—II^PO, 
H3H.3O3, ll..CV>„ 1138103, HF. 


(6) ll.,S fxiUeil off ^-ITNO^ to <-ojivi‘i( t’e into Po’”. 

(jS) -h Pot'll {- N.i^jCOj until iifjiriy neulial l-Ha UOj 


N’S, 

I'rF.init.ik;- Fr(()H),. 

1 Soliiliim . MiiC'la, ZnCI,. (t.’ii 

■d 

(■r(()H)3. Jia-,(P()4) 

n, li.lBeO,, 1 


CaOl., NH 

•.ificii 

HiiC.iO,. HiiSiO., 

BaP.>" 1 




'N^)j 

■| NuOH, Iv. 

ulcti “ 

1 Pit!Ci|u1;itu MmS, 

SolutU)!! 



1 -1 

1 ZiiS (CoS, >,’iS) 1 JK'l 



Kfsuliio ’ ('r(OH)q. 

! Solution . 


1 H.S 



jiNo l'\-(Oii )3 iuiii 

; .\i(()N.i)o 1 



I'recipi- 


the Ba ^all'<. 

I H('l. 

Itl'SKlUO- 

SdlutKui: 

fale • 


Fu'fd u'ldi .N.f.d'On 

Llieii { 

<'(iS, WiS. 

-MnCIo, 

Jla^O, 


.111(1 KrtOq“ 

-i--Nil,OH ; 


Znl'I,, 

SiSO^ 


^'t ll((\v KjCrOj 

i’lccipitdh'l 


(r<<('ir>). 




ol Al(Oll)., 


(-Nicir). 






bolli'il'to 






M'incAe HdS, 



j 



i xNaOir 





1 J’leciifilate 1 Sointmii • 




MiitOH),. 

.(Vi(OH)i>, 1 Zii(UN.i).. 




Ln 1(011 U" 

l-N.v„(’Un, 1 -)-H..S." 1 




luw'd i white ZnS 1 




1 (iiecu N<» 2 Mn 04 j 



li!. nit la). Mruio, 

OH I (Ml4)2S 

haCL. Si rja, CjiCL, MgCL; 
I lIjSO,. 

J''iiltato. SrCl-i, C'atJla, 
MfifU. |(Nll 4 );jC '03 
+ (Nil,> 2 ^ 04 . 

Preciiii- Solution: MgCU; 
lute. t NatMIiHlFO.. 
SrCOj ! pieii|)ltiiti! nf 


faC^O, 


Mg(WU).P 04 . 


{(I) .1 prccijiitiiti' is ho/ jirixlucdl hij uvimmiiii, hut is pro- 139. 
duccd til/ itnimoniiim sulphide. Tlii.s iiulicatea the 
ulisonce ol' jilios|)liate, Imruto, ailioatn, oxalate, and 
lluoriiio ions, togetlici' witli ions of alkaline earth metals 
(.see, however, (7ia|i. JIT., No. 1C), of silicate ion 
(originally |irc.sent in coinliination with <itlier cations, 
and also of ions of iron, clirormnin. and aluminium. 

'l'li(‘ analysis is continued at Ill). 

(y) .1 precipiUite wus produced hi/ ummonia alow. In this 140. 
case it is necessary to con.sider : (iin) whether the 
original solution was aqueous anil neutral, and whether 
its colour indicated freedom from chromic ion.s; or 
(hi) whether it was acid or alkaline, or whether its 
colour indicated the possible presence of chromic ion 
(Chap. Ill., No. 47). In the former case the analysis 
is continued at (141), for chromic, phosphate, borate, 
oxalate, silicate, and fluorine ions, together with the 
ions of alkaline earth metals, or silicate ion in com¬ 
bination with other cations cannot be present; in 
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the latter case, however, the examination is continued 
at (150), for all the substances mentioned in (138) 
have to be taken into consideration. 

If the original solution was alkaline, the process 
outlined in (150) is also followed, but in that case, as 
a rule, in addition to the <'ations of the third and 
fourth groups only silicate ion and aluminium and 
chromic jihosphate need be (s)nsidered, because it is 
quite an e.xception for one of the alkaline earth salts 
mentioned in (138) to be found in alkcdine Injnids. 

141. 1. Detection of the eiitlons of the third and fourth, ijroiips. If jiho-i/ihate, 

ion, etc., in association -mith alhdrnc earth rruird ions, and also 
chromic ion, are not present, see Chap, 111., No. 40. 

The liejuid mentioned in (137), a [lortion of which has been 
subjected to a preliminary teest, is treated with ammonium 
chloride, and then with ammonia solution, until the reaction 
is just alkaline (Chap. III., No. 42), and llnally with ammonium 
sulphide, until the liquid when shaken has a distinct odour of 
the reagent; it is then shaken until the precipitate begins to 
subside in a tiocculent deposit, heated gently for some time, and 
fdtered. 

The filtrate, which contains or may contain the members of 
GroU[i3 11. and ].. is set aside for subsequent examination as in 
Sec. 171. 

If it is brown or brownish, owing to the nickel snlpbido remaining 
in solution, the nickel ion nuLst be sepai'ated (fliap. 111., No. 411). 
The precipitate', however, is washed with water eontaiinng a very 
little annnoninm subiindc (Chap. 111., No. 49), without allowing it 
to stand exposed to the air (Chap. 111., No. 22), and treated as 
follows:— 

142. It is seiiarated from the filter paper by means of a spatula 
or fine jet, and treated in the following manner :—• 

{a) If ii is while, and .so cannot contain cobalt or nickel sulphide 
(or ferrous snljihido), it is heated in a small basin with dilute 
hydrochloric acid. 

(h) If it is hlaclc, it is treated in the cold with a sufficient quantity 
(Chap. III., No. 51) of a mi.xture of 1 part of hydrochloric 
acid of sp. gr. I'12 (dilute hydrochloric acid) and 4 parts 
of hydrogen sulphide water (Chap. III., No. .50). 

143. (a) It is completely dissolved (with the exception of separated 

snl]dmr). This indicates the absence of nickel and 
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cobalt sulphides, at all events in any considerable 
quantity. 

The solution is boiled until the hydrogen sulphide 
is compleldy expelled, then treated with nitric acid, 
again boihul, hltered from any suspended particles of 
sulphur, and concentrated by evaporation to a simll 
residue (cf, Sec. bl, 7). This liquid is treated with an 
excess of 2 iotassiuiu or sodium hyilroxidc solution 
freshly 2 >rcpared from solid caustic alkali, and boiled 
for some time with continual stirring. 

(aa) The resulting precipitate i^ completehj xolublc. in 144. 
cxeenn of the amlium In/droxidc mlnlion. This 
imlicates the absence of ions of iron, manganc.se, 
and chroniiuni (also of traces of nickel and cobalt 
ions), anil the ])resence of aluminium or zinc 
ion, A jiortion of the alkaline solution is tested 
for zinc ion with a Utile (not an excess) hydrogen 
.sulphide ((•/' Chap. Ml., No. b'l). and the remainder 
aeidiiied with hydrochloric acid, and liisated with 
a .slight excess of ammonia solution. A white 
llocculent precipitate, which is insoluble even on 
the addition ol moie ammonium chloride, indicates 
(dunum Kilt ion. 

(66) The ri'sn/timi pircipilalr la iiixiihihle, or (Lies not 145- 
(lissolre coiiipletehj in ejress of sotliiim liijdroxide 
xolulion. 'J'he .solution is diluted, and the filtrate 
tested for zinc and alumiimim ion as in 
(144). 

(aa) A portion of the precipllule is dissolved in 
hydrochloric .acid, and the scdiition treated 
with polassiiini thiocyimalr. The jirosencc 
of ferric ion is indicated by a blood-red 
coloration. The original stage of oxidation 
is determined by testing the original solution 
with jiotassium ferrocyanide and jiotassium 
thiocyanate (Chap. 111., No. ,06). 

The remainder of the prcciiiitate ^iroduced 
by sodium hydroxide is washed, and a jiortion 
of it dried. If it is brown or brownish, and 
ferric ion is not present, manganous ion is 
indicated ; if the hydrochlorio acid solution 
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of the precipitate produced by ammonium 
sulpliide was violet, chromic ion is present. 

146. (m '!’■> decide whether maiij^anous ion is present 

(or chromic ion if its ])resence has not aJrcady 
been reco^mised ijy tii(i colour of the solution 
in the course of the analysis (MO)), the 
dried portion of the pr(‘cij)itate jnoducf'd by 
sodium Itydroxide is tested by /h.vba/ it with, 
tiodium carhotiatc and 'potassium chlorate, and 
boiling; the fused mass with W'ater. If the 
mass, or its acpieoiis ('xtract, was j^reen or r(*d, 
the jiresence of the ions of ■tnamjawsi' is 
indicated. Jn that case the aqueous solution 
is trcatc'd with a little alcohol, heated, and 
filtered from the ])rc(apitaled man^am'se 
dioxide (('ha]t. Jll.. No. 55 ). If the solution 
is now yellow, or if the fused mass or its 
aqueous extract were j'cDow, the ])resenec of 
tin? ions of chromiuin is imiicated. If it is 
not ])oasible to infer with certainty the 
]>resence of mani^anese ions from the green 
or red colour of the fused mass, a test for 
manganese conqioiinds is applied to any 
in.soluble residin' left by the fused mass, fiy 
heating a small jiortion of it with sodium 
carbonate in tlu' oxidation flame. 

(yy) If chromic ion is jirescnt, and zinc ion has not 
already heen detected in the alkaline solution 
as in (I 4 t), a fiirthci juution of the ic.sidue 
dissolved in hydrochloric acid, and Ifie solution 
tested for zinc ion (the whole quantity of winch 
may be found at this stage, ji. 2(10, t?) hy evapo¬ 
rating the liquid to a small rosUhi«', and (in the 
absence of ferric ion) adding sudmni acetate, 
and then hydrogen sulphide water in the eold 
(Sec. 57 , 4 ). If ferric jon is jui'sent, tli(3 liipiid 
is tri'ated with ammonia m e,\eess, and filteriMl, 
and the lillrato aeiditicti, and treateil in the eold 
with hydrogen sulphide water. A white pre¬ 
cipitate indieates the presence of unc ion 
(Chap, lib, No. 47 ). 

(88) If the anmioniujii sulpliide jueeijiitato contains 
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80 little nickel and cobalt sulphide that it dis¬ 
solves completely when treated with hydro¬ 
chloric acid (142. />), the niek(‘l or cobalt must 
be present as ii;ydroxides in the pr-ecipitatc 
produced as in (143). 

Jf their ions have not been detected in (147) 
to (149), and traces of tbeni are not to be over¬ 
looked, a fresh poition of the hydroxide pix*- 
cipitate is dissolved in Irydroeiilotic! acid, and 
one portion of the solution is tested for cobalt 
by means of nitroso-)3'na])idlioI (>Sce. 60, 18), 
whilst another portion is treated with ammonia 
in excess and lesOsl for im-kel by moans of 
dimeihylglyoxnni' (Sec. 69, 18). Or another 
portion of tin* solution, ulii(4i has been treated 
as in (yy) and eventually liltered from zinc 
sul])hidc, is treated with liydiogeii suijrliide irfiilf 
hndcf/. Any precipitate loinied can only con¬ 
tain nichi or robult or at all events 

ztitc, ion, which, owing to the action of chromic 
ion, lias been precipitated by sodium hydroxide 
(]). 260). Jtis treated as in (*142, h, or 143, 147). 

()3) It not dissolvv coniylvlAif, l)ut fc(nrs a hlarl residue. 147. 
Tliis indicates (•obalt and nickel snljilude {cf., however, 
(•bap. in., N<n ri2). Since, however, espeeially in the 
case of ])rocipitat(‘s rich in ferrous siil]iliide, some of 
tliis precipitat<‘ is oftmi jirotcited against the action 
of hydroclilovic acid by being enveloped in sejiaratcd 
sulpliur. it is not yet possible to conclinle with absolute 
certainty that cobalt or nickel sulpliidi* is ])rcs<'nt, 

43ic Ihjuid i.s filti'n'd, tlu* lesidue vashed, and tlie 
fdtratc tested as in (14.3), whilst the jnia ipitafi', together 
with the filter paper, i.s ignited in a ponadain (Tiicible 
in a current of air until the jiaper is incinerated. 

Tin' residue from the ignition is lu-ated with hydro- 148. 
chloric acid c.ontaining a few drops of nitric acid unt il 
it has c.omidetcly dissolved (Chap. in.,JVo. 61). Tlio 
solution is then diluted with a littk' uali'r, treated 
wdtli ammonia solution in luodernte excess, and filtered 
from any precipitated ferric liydroxidc'. 

A ])ortion of tin* filtrate, whieh is blue in tlie pre¬ 
sence of any considerable (juantity of nickid compounds, 
bruw'iiish when (-obalt compounds are pri'sent in any 
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large amount, but shows a less distinctive colour in 
the presenee of both, is then tested with ammonium 
s\ilphide. It this j)roduce3 a black precipitate, the 
presence of cobalt or nickel compounds is proved. 

In that case, the remainder of the ammoniacal 
filtrate is cvajairatcd to dryness, the ammonium salts 
completely expelled by gently heating the residue 
(Chap. III., No. 54), and the following test applied, 
unless the method described in Chaj). III., No. .54, last 
paragraph, is preferred - 

(as) A portion of the residue is heated in a borux bead 
in the outer and then in the inner flame of a Bunsen 
burner. If the bead, heated in the oxidation 
flame, is violet whih; hot and reddish-brown when 
cold, and l)ecome3 grey and turbid when heated 
in the reducing flame, nickel is j)resent. If, 
however, it is blue while hot and cold, both in 
the outer and in the inner flame, cobnll is present. 
Since, however, in the latter case the presence of 
nickel, and in the presence of much nickel, traces 
of cobalt frequently cannot be distrinctly recog¬ 
nised by means of a borax bead, the following 
test is made :— 

449. (66) The remainder of the residue is dissolved in a 

little hydrochloric acid containing a few drojjs 
r)f nitric acid, the solution evafujrated almost to 
dryness and rendered alkaline with sodium 
carbonate. The resulting precipitate is filtered 
off, di.ssolved in a little acetic acid, the .solution 
treated with e.vcess of that acid, and finally with 
potassinnt nitrite (Sec, 60, 15). If a yellow pre¬ 
cipitate is produced in the liquid acidified with 
acetic acid (possibly after standing for some time), 
the presenee of cobalt ion is confirmed. The liquid 
is filtere<l after about 12 hours, and the filtrate 
tested for nickd ion by means of sodium hydroxide 
(Chap, III., No. 54). 

150.2. Delcdion of the calions of the third and fourth groups in the presence 
of considerable quantities of chromic ion, including cases where 
there is a possibility that phosphates, borates, silicates, oxalates, 
or fluorides of alkaline earth metals, or also silicic acid way be 
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simultaneoudy 'precipitated, i.e. wJion the original solution showed 
a chromium cnloratiom or an acid (or under (;ertain conditions 
an alkaline, rf. 140) reaction, aiid yie](l(*d a precipitate with 
ammonia, even in the prelimi?iary examination in (137). 

Tin; liquid mentioned in (137) is treated, if necessary, with 151. 
a little ammonium chloride, tlien rendered just alkaline with 
ammonia (Cha]). TIT., No. 42), and is linally treated with am¬ 
monium sulphide until it has a f)er(;eptil)Ie odour of the, reagent 
wh<;n shaken, ft is then shaken to ])romote the sejiaration 
of the precipitate, heated gently for some time, or allowed to 
stand loosely covered for some time in a warm place, until the 
siqxTiiatantliquid is clear, and then filtered (('ha]). III., No. 48). 

The hitrate, which contains or may contain the cations of 
(rroups n. and f., is set aside to he examined later, as in»Sec. 171. 

If it is brown, the ju’csoiicc of nickel ion is indicated ; this must 
be removed (Chap. III., No. 41)). If theHltrato cannot immediately 
he subjected to further examination, the ammoiiiuni sulphide must 
either be protected from the action of the air, or removed or destroyed 
(Cliap. III., No. (M). 

3'lie j)reeipitate, however, is washed with water containing 
a very little ammonium sulphide (Cha]). IIL, No. 40) and used 
for the detection of e,ations by the method described in (102). 

Since the original substance has subsequently to be tested for 
all the anions wliich it may {wssibly contain, it i.s unnece.sKary at this 
.stage to a 2 )ply te.sts for anions present in the ammonium sulphide 
]>reclj)itate ; but since it is often advantageous to get to know lhe.so 
at once, especially when any considerable amount of a cation of the 
alkaline earth metals is prcsinit in the ammonium sulpliidi' precipitate, 
the detection of the anions in question Is dealt with after the descrip¬ 
tion of the tests for cations in (IfiO) 

The precipitate is sejiarated, immediately after washing, from 152. 
the filter by means of a spatula or a line jet, and examined as 
m (142). That is to say, it is ril/ter heated if it is white, and so 
cannot contain nickel or cobalt sul|)liido (or ferrous sulfiliide), 
with dilute hydrochloric acid ; or if it is dai-k. it i.s treated in 
the cold with a moderate excess of a mixture of hydrochloric 
acid and hydrogen suljihide water (about 1 ])art- of hydrochloric 
acid of sp. gr. 1T2 and 4 parts of hydrogen suljdiide water. 

('hap. ITT., Nos. 30 and 51). 

(c) A residue is left. This is filtered oil, and tlu‘ filtrate treated 153* 

as in (1541. The residue, if black, mav contain nickel 

41 
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and oolialt sulphide {cf. also Chap. III., No. 52), also silicic 
acid and B>d])hur (and possibly also calcium fluoride and 
oxalate, which are somewhat sparinj^ly soluble in hydro¬ 
chloric acid). 

It is washed, a small portion of the moist prcci[)itatc 
reserved, and the remainder dried, incinerated together 
with the filter paper, and gently ignited with access of air, 
so as to burn away the sulphur, and a portion of the residue 
heated with hydrochloric acid containing a little nitric 
acid. If xilicon dioxide is present, it is left as an insoluble 
residue (p. 034, footnote). 

In order to identify this with certainty the residue is fused 
with sodium carbonate, the fused mass extracted with water, 
the extract filtered, the filtrate .acidified with hydrochloTie, acid 
and eva]>orated to dryness, and tile residue treated witli liydro- 
ehioric acid and water. Siliro7i ditmdr must lie left as an 
iiisoluble white residue (Chap. HI., No. 53). 

The solution (or the filtrate) is tested for eohalt and mchi 
ions as in (148). 

The remainder of the ignited residue is tested for fluorine 
ion ixs described in 8ec. 111,6, if silicic acid is absent, or a-s 
in Sec, 111, 7, if silicic acid is present. If fluorine ion is 
detected, the residue left from the treatment with sulphurii; 
acid is tested for calcium ion by treating it with a little 
water, filtering the .solution, and adding 1 volume of dilute 
alcohol (Sec. 36, end of 3). 

In order not to overlook any calcium oxalate which may 
possibly he present in the residue, the smaller portion of the 
ignited residue reserved above i.s treated with stronger hydro¬ 
chloric acid and tested for caldium ion a.s in (155), and then for 
oxalic acid (160, hh), if caleium is found. 

154. (h) iVo residue, is left (excejit a little separated sulphur, the 

purity of which should be ascertained by washing, drying, 
and ignition). This indicates the absence of nickel and 
cobalt aul])hidc3, at all events in any considerable pro¬ 
portion. Kor the detection of smaller quantities, see 

(146, SS). 

The solution is boiled until the hydrogen sulphide has 
been expelled (llhap. III., No. 67, c. 2), filtered if nece.ssary, 
and tested as hillows ;—• 
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(rr) A small portion is nearly neutralised with ammonia, 155. 
treated with dilute hydrochloric acid, and gently 
heated for some. time. 

((Hi) If no precipildte i'i fomicd, frojji I to 2 volumes 
of dilute ahtohol is added. If this [mxluoes a whit(‘ 
precipitate, the })resence of calcium sulpliato is 
imlic.ated. I’he liijuid is Jiltered, the precipitate 
treated with water, and the filtrate t('st(‘d with 
ammonium oxalate. 

Since the precipitated cahaum 8ul])hatc may also 
contain traces of strontium sulphate, it is advisable 
in accurate analyses to test any residue left from 
the treatment with w^ater for strotidwi by means of 
tlie spectroscope (8ec. 35, 10). 

(bh) //■ a precipitate is produced hjf dilute sulphvrie 
mvd, jt may h<‘ hunaui or slnnifiuuh sulphate, or 
possibly e.alciuiu sulphate ((f. ('hap. JlI.,No. 52, 
esprxaally at the end). It is filtered off and the 
filtrate treat('d as in (aa). 'I’he ]n‘cci})itato is 
w'ashed, <loooiitpose<l by fusion with sodium 
potassium earlionati*, the alkaline earth carbonates 
washed and dissolved in Jiydroehloric acid, the 
.solution evaporati'd to dryness, the re.sidue dis- 
solvtal ill wat(T, and the sohitioii test(*d .is in (163). 

(p) A larger portion is heated with a little nitric acid, 156. 
and a .small sample of the cold solufjon (Chap. 111., 

No. 57, (\ 2) tested lor feme ion h}’’ adding potassium 
ferrocyanide or jiotassium thiocy^anate solution drop 
by drop. (The original liydrochloric acid solution 
must be tested with potassium ferrocyanide and 
potassium thiocyaiiati' to determine whetJuT the iron 
was present m the form of a ferrous or ferric com¬ 
pound. ('hap. III.. No. 56.) The ronainiler of the 
solution is treated with fiTrie, chloride in such quantity 
that on mixing a drop thereof wit h a drop of ammonia 
solution on a (;Iock glass a yellow juecipitate is formed 
(('liaj). IJI.,No. 57, c, 1), and theliquid then evaporated, 
preferahly on the water hath, to a suuill residue. 

This is transferred with the aid of a little water to a 
boiling flask, treated with sodium carbonate, so as 
nearhj k) neutralise the free acid, and the still clear 
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cold solution treated with an excess of barium earbonato 
(Cliap. in., No. 57, c, 3, 4, and 5), and aJJovved to 
stand in the cold until the liquid above the precipitate 
is clear. The precipitate (t/a) is filtin-cd off from the 
solution (Wi), and thoroughly washed, 

(aa) The yrcciqiilute is now boiled for sonic time with 
sodium or ()otas.sium hydroxide freshly prepared 
from pure alkali hydroxide (Chap. Til., No. .hS), 
the solution iiltered, and the filtrate tested for 
(ihiiiiiniuni ion by acidifying it with hydrochloric 
acid, rendering it just alkaline with ammonia, 
and boiling it. 

157. Tf the solution or tho alkali liydroxide contains 
silicic acid, llio precipitate regarded as alinniniuni 
hydroxide may also he silicic a<‘id. If there is I'cason 
to suppose this to he tlu^ case, tlie precipitate pre¬ 
sumed to he ahnninium liydroxide is fused with a 
little potassium liydrogiMi suliiliale on the lid of a 
platinum crucible, and treated with hydrochloric 
acid and water. 'I’lie resulting aluminium sulphate 
dissolves, whilst silicon dioxide n'lnains undissolvcd, 
and the aluminium ion may lie prceipitati'd from tlie 
.solution as hydroxide by means of ammonia. 

The ])ortion of the jiroeipitate insoluble in 
sodiuTu liydroxide solution is tested for cliromiitm 
by fusing it with ])olassinin chlorate, and treating 
the fused mass witJi water (Sec. 41, 12). A yellow 
coloration indicates the formation of chromate ion. 
Should a green or red coloration, due to manganese 
ion, bo produced, the method given in (140) is 
followed (C'hap. III., No. 57, c, 5). 

(hh) Tho i^olution is treated with a few dro])s of hydro¬ 
chloric acid, boiled (to expel all carbon dioxide), 
and then tr(*ated with ammonia and ammoniuin 
sul])hi(]o. 

158. (aa) No frcciyitate, is formed. The absence of 

manganous and zinc ions is indicated. The. 
solution, wliich contains barium chloride, 
is treated with a slight excess of dilute 
sulphuric acid, filtered, rendered alkaline with 
ammonia, and tested with ammonium oxalate. 
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If a precipitate is formed, tlie presence of 
calcium ion already detected (155, aa) is con- 
llrmod. if strontium ion has been found in 
(155) a little more ammonium carbonate is 
added, the liquid liltiued from any precipitate 
})roduced, and the filtrate tested for magne- 
mim ion by means of sodimn ammonium 
liydrogen phos])liate. 

A prrc/pildU’ is formed, it is allowed to 159. 
subside!, lilteicd oft', and tlu; filtrate treated 
as in (158). Tin' precipitate, winch may consist 
of tlio sulphides of manganese or ziiU! (together 
with traces <d cobalt anti nickel), is washed 
and tested for mamjancsc. zinc, co6a^, and 
niekel (if the last mentioned has not already 
lieen found in (153) as in (141^) to M9)). 

(y) If alkaline earth metal ions liavc been detected in (a) 160. 
and (/3), and tlie anions with wliich they are in com¬ 
bination in the ammonium sulphide jirccipitates arc 
to be identified, tests for the anions in question arc 
applied to the liydrocliloric acid solution (152) of the 
preci[)itatc produced by ammonia and ammonium 
sulphide as in (lOO), in wluch examination it is to be 
noted that phosjihato and silicate ions in combination 
with aluininiuiii or chromic ions may also be present 
in the precipitate produced by ammonia and am¬ 
monium sulphide. 

(««) A jiortion of the solution is cvaporati^d in a small 
basin or clock glass on the \va(ei bath, and the 
residue thoroughly dried on the water bath and 
treated with hydrochloric a<!id. If silicate ion 
was [ircsent in the s<.)lution, an insolulile residue 
of silicon dioxide will be left (p 031, footnote). 

The solution is then tested for phosphide ion by 
evaporating it with nitric acid, and treating it with 
aninioniura molybdate solution (Sec. 107, 10). 

(bh) A seiumd portion is concentrated by evaporation, 
treated with excess of sodium carlionatc, boiled 
for some time, and filtered, and a portion of tlie 
filtrate tested for oxalate ion by acidifying it and 
adding calcium sulphate solution. A further 
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portion is slightly acidified with hydrochloric 
acid and tested for horate iun by means of turmeric 
paper (Secs. 110, 7, and 10!), 5). 

(cc) 'I’lic remainder of the solution is treated with 
ammonia, and the precipitate separated, washed 
and tested for Jluorimion,a.s in Sec. Ill, 6 and 7). 


Sec. 171. 

Separation and Identification of the Cations of Group n. pre¬ 
cipitated by Ammonium Carbonate, in the presence of 
Ammonium Chloride. 

Barium, Strontium, and Calcium Ions. 

General Survey. 

The solution, which still contains membcr.s of Grou])S I. and II., 
is treated with ammonium carbonate to pre<-ipitate barium, strontium, 
and calcium ions a.s carbonates, tlu! precipitate dissolved in acetic 
acid, and barium ion precipitated as barium chromate by means of 
potassium chromate. The filtrate is treated with ammonium 
carbonate to re-precipitate strontium and calcium ions, the jire- 
cipitate dissolved in hydrochlorie acid, the solution neutralised with 
ammonia, and calcium ion precipitated as calcium jiotassium ferro- 
cyanide from the hot solution by means of potassium ferrocyanide. 
Strontium ion is precipitated from the filtrate by means of ammonium 
carbonate. 

The separation of the three alkaline earth metals may be repre¬ 
sented in tabular form as follows ;— 


There may be jireseilt in thi; precipitate produced by iiiiimoiiium carbonate: 
liaCO.,, .SrCOj, CaCO ,; the prcoipitato is dissolved in acetic acid, -l-K.CrO, 


I’Tocipilate : Ba<'i()4 


liltr.itr: .Sitralipistj, CiitOjlIaOPj. ((.N'lliIjCO,. I'lecijil 
fate ot SrCOn, ('uCOg. Dissolved in TlCl, COg boiled oU, solu¬ 
tion rendered jiislidkiduu; with J)!il^UlI; 1-boiled 


Piedpitate : 
CaK(NH4)re(CN)8. 


Fillrate : d (Mr4)2(d)8, white 
I pieclpitate ui SrCDa- 


Process in detail. 

A poHion of the solution, wliicli can now contain only members 
of Groups I. and II., is tested with mmnonium carbonate to determine 
whether barium, strontium, or calcium ions are 'present. 

For this 'purpose a small guaniiiy of the solution or (151), 
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filtered from tlie ammonium sul'phide precipitate (and if necessary 
treated as in Chap. III., No. 61), is treated 'with ammonium carbonate 
and gently heated (not to boiling point) for sotne time ; or, if ammonium 
sulphide has piroduced no precipitate, a fre^sh portion of the clear solution 
used in (137) is taken, after being treated, if ne.cessafy, with ammonium 
chloride and rendered alkaline with ammonia. 

Since Uie presence of a large (piantily of ainmoniinn salts has some 
influence on the precipitation of barium and (talciinu carbonates, it is 
better in the case of very accurate analyH(!s, when a prccijutate has been 
produced by aniiuonium sulphide, or if the original solution contains a 
large amount of ammonium salts, not to use the liltrato immediately, but 
first to remove the ammonium salts from the whole of it. Vor this purpose it 
IS evaporated at once to dryness, or is treaUnl with lead peroxide, or acidified 
With hydrochloric acid, the solution boiled until the separated sulphur 
has agglomerated, and filtered, and the filtrate evaporated to dryness 
(Chap, lit.. No. 61). 

In either ease the ammonium salts are completely eliminated by gentle 
ignition, the residue moistened with hydroehloric acid, diluteil with water, 
filtered if necessary, treatiMl with a little more ammonium chloride if 
required, and U^sted with ammonium earbonati; as described above 
(Chap. III., No. 62). 

If the liltrato from the ammonium sulphide pnscipitato was brownish 
o!' brownish-black, owing to tlie presence of dissolved nicki^l sulphide, the 
latter must be compleU'ly removed by means of acetic acid as in (161) 
prior to making the test ((-hap. ill., No. 49). 

1. No precipitale is formed. This indic-ate.s the absence of any con¬ 

siderable amount of barium, strontium, or (jalcium ions. In 
order to detect even traiies of these, a little ammonium sulphate 
(prepared by treating dilute sulphuric acid with excess of 
ammonia) is added to a second 2 >ortion of the solution. If a 
turbidity is jiroduced, the jirescnce of traces of barium ion is 
indicated. A third portion is treated with ammonia and 
ammonium oxalate, and if a turbidity is produced, possibly 
only after standing for some hours, traces of calcium arc present. 

The remainder of the solution is then treated as in Sec. 172, 
after removal of any traces of barium or calcium ion by means 
of the reagents used for their detection. 

2. A precipitate is formed. The presence of calcium, barium, or 162. 

strontium ion is indicated. The whole of the liquid, a portion 
of which was tested with ammonia and ammonium sulphide, 
is treated in the same way as the sample, gently heated and 
filtered from the resulting precipitate, and a ])ortioii of the 
filtrate tested for any traces of barium or calcium ion which may 



648 PRACTICAL METHODS OF GENERAL COURSE ch, i 


possibly be present, by means of ammonium sulphate and 
ammonium oxalate (161). If found, these ions are separated 
by means of the same reagents, and the liquid, now completely 
freed from barium, strontium, and calcium ion, is tested for 
magnesium ion as in Sec. 172. The precipitate produced by 
ammonium carbonate is washed with water containing a little 
ammonia. It is then dissolved in acetic acid, the solution 
evaporated on the water bath until most of the acetic acid has 
been expelled, and the residue treated with water, and liltered 
if necessary. 

j 0 g A larger portion of the solution is heated to boiling point, 

if necessary, after the addition of three or four drops of acetic! 
acid, then trc'ated with sudicient potassium chromate .solution 
to make the liejuid yellow, and again boiled. If any odour of 
acetic acid should still be perceptible, a little more potassium 
chromate .solution is added, and the mixture allowed to stand 
for an hour. 

(a) No precipilalc informed. Barium ion is absent. The re.st 
of the solution is treated in the same way as the hydrochloric 
acid obtained in (16.j). 

164. ^^■'1 precipUale w formed, Burium ion i.s present. The 

precipitate is filtered olt, and the filtrate allowed to stand 
for .some time in a warm jdace. 

(a) No precipdnte fonned. Strontium and calcium ions 
arc absent. 

165. precijiitalc is formed. It is tillered oil’, washed, and 
dis.solved in the smallest possible ((uantity of dilute 
h)'drochloric acid. 

A large portion of this solution (and in the case of 
(16,3, rt) a .second large portion of the solution from the 
end of (163)) is rendered just alkaline with ammonia 
solution free from carbonate, heated to boiling point, 
treated with excess of potassium ferrocyanide solution, 
and again heated. 

(ao) No preciplliile, is formed. Calcium ion is absent; 
strontium ion is present. As a confirmatory test, 
the solution, a jiortion of which has been tested 
with potassium ferrocyanide, is treated with 
calcium sulphate .solution, which ought to produce 
a precipitate after some time; conlirmation is 
also obtained by means of the spectroscope. 
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(bb) A precipUdte is formed. Calcium ion is prcsenfc. 166. 
The liquid is filtered, the filtrate, after a test has 
shown tliat no further precipitate is produced by 
potassium ferrocyauide, is trcateil with ammonium 
(carbonate and allowed to stand for some time. 

(aa) No precipitate is formed. Strontium ion is 
absent. 

(/3j3) A precipitate is formed. Strontium ion is 
present. 

As a confirmatory test, the jirecijiitate is 
liltci'(‘d off and tested spectrosi’opieally ; or 
it is dissolved in liydrocliloric acid, the solu¬ 
tion I'.vaporatod to drj ness on the water 
liatli, th<i residue taken up with water, and 
the solution treated witli calcium sulphate 
solution. A pre('ij)itate appearing after some 
time proves the presenci! of strontium ion. 

Sko. 172. 

Detection ot Magnesium Ion. 

General Surveij. 

The detection of the prosimcc of maj^nesiimi ion is (‘ifeoted l)y 
means of the characteristic juecipitatiJ of crystalline maj^nesium 
unmionium phosphate. The hltrate from tin’s ])re( ipitate, however, 

IS unsuitable for the diiteotlon of alkali metal ions. Jfence, only a 
jiortion of the solution wliicli has hecii freed fr<nn the members of 
(frouj)s HI. to Vd.,and from barium, stroiiliuni, and calcium ion, 

IS tesU'd for lua.ifnesiuln ion. Should, however, maj»nesium ion be 
found, it IS se})ai (lied, prior to ajiplyin^ tlic tests oi alkali metalions, 

6 // another nuthod, de.scribed in Sec. 173. 

Process in detail. 

A portion of the- liipiid in which ammonium carbonate or sulphate 167. 
or oxalate has produced no preeipitale (161), or oj' the Jiltrale from the 
precipUate produced in (162), treated inth ammonnim chloride [if 
an ammonium salt is not alrcadif pri’sent) and then with about a third 
of its volume of ammonia solution, followed hij sodium ammonium 
h{dro<jen phosphate, and if a preidpitate does not appear immidiaUdy, 
the sides <f the glass irssel arc genthj rublxd with a glass rod, and the 
whole allowed to stand for sonw. time.. 
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1. No precipitate iti formed. Magnesium ion is absent. The 

analysis is continued at Sec. 173 (168). 

2. A crystalline precipitate is formed. Magnesium ion is present. 

Tests for alkali metal ions arc applied as described in Sec. 173 
(16S), b or c). 

Magnesium ammonium phosphate i.s always crystalline, as may 
readily he recognised by separating the liquid, after standing for some 
time, from the sides of the vessel on which the separated precipitate 
has deposited (by inverting the test-tube closed with the thumb, or 
inclining the iiask). If, however, only a alight llocculent precipitate 
is produced by sodium amnioniuin hydrogen phosphate, the fact 
does not justify the conclusion that magnesium ion is present. Such 
a precipitate may be aluminium phosphate (or possibly barium oi 
calcium jihoaphatc) (Chap. 111., No. 62). It is filtered off, and treated 
with a little acetic acid (in which aluminium phosphate is insoluble), 
the solution filtered, and the filtrate (which must not give a turbidity 
with ammonium sulphate and o.valate, or if so must be filtered) is 
treated with ammonia and a few drops of sodium ammonium hydrogen 
phosphate solution. If magnesium ion was pri'seut, a crystalhm 
precipitate is now obtained (r/. also Chap. IJ1., No. 64). 


Sue. 173. 

Detection ol Potassium and Sodium Ions. 

General Survey. 

The examination to dotcrniine whether any alkali metal ion is 
prc.sent consists in evaporating the solution, which is free from other 
cations, to dryness, volatilising any ammonium salts which may be 
present, and noting whether a non-volatile residue is left after 
gentle ignition. The aqueous solution of this residue is tested with 
jilatino-hydrochloric acid or sodium hydrogen tartrate for the 
jiresence of potassium ion, and with disod iuni dihydrogen pyro- 
antiinonate for sodium ion. 

An essential condition for these tests is the preliminary removal 
of all disturbing substances. In by far the greater number of cases 
the solution mentioned in (107, 1) is already free from cations of 
Groups II. to VI. The residue from its evaporation and ignition 
need, therefore, only be te.sted with barium chloride to ascertain 
that no disturbing anions are present (Ohaj). Ilf., No. 66). If no 
precipitate is produced, the solution may be directly evaporated 
and the residue gently ignited. If, however, barium chloride pro¬ 
duces a precipitate, such precipitate must be filtered off and the 
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excess of barium ion separated from the filtrate. If a precipitate 
was obtained in (167, 2), magnesium ion must also be separated prior 
to the evaporation, and if organic acids were present, so that the 
substance which had l)een treated with sulphuric acid, as described 
in (1.36), has to be used, it is also necessary to separate from it the 
sulphuric acid, any cations of Groups II. to IV. still present, together 
with any anions which might interfere with the e.vainination. In 
cithei of these cases the solution is also treated with barium chloride 
until tlio whole of precipitable anions have been rfuuovcd, and then 
with barium or calcium hydroxide to jrrecipitate the cations of 
Gi'uu])s III. and IV., and also magnesium ion as hydroxides. 

In the three last-mentioned cases a filtrate is thus obtained, which, 
in addition to any alkali metal ions that may be present, may also 
contain barium ion and possibly strontium and calcium ions. These 
three ions ai-e precipitated by moans of ammonium carbonate (and, 
if Iieces.sary, also by means of amnionium oxalate), and a solution 
IS now obtained, which, on evaporation, leaves a residue, which is then 
ignited. 

Proa'.ss in detail. 

(u) If the oriijinal .‘iubslaiici: covktiiin no organic substances, and 168. 
magnesium ion has not been detected rn (167). a portion 
(not too small) of the solution mentioned in (167) is 
evaporated to diyness, preferably in a platinum basin or 
on a platinum crucible cover, and the ammonium salts 
expelled by gentle ignition. 

(a) No residue ts left. I’otassium and sodium ions are 169. 
absent (Chap. HI., hlo. 67). The analysis is continued 
at (172). 

(/3) A residue is left, it is dissolved in a little water ; or, 
if it IS insullicient in quantity, the residue obtained in 
the same way, by evajioratmg a larger ((uantity of 
the solution in a porcelain basin and igniting the 
residue, is ii.sed, and a portion of the .solution is treated 
with barium chloride. 

(act) No precipilale is formed. Anions which might 
interfere are not present. I’otassium or sodium 
ion is present. 

A further portion of the .solution is tested with 
ammonia anil ammonium carbonate, to prove that 
no residual traces of barium, strontium, or calcium 
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ions or of silicon dioxide are present in the residue 
{Chap, ill., No. 69). If a precipitate is produced by 
these reagents, the whole of the remainder of the 
solution of the ignited residue is treated with the 
same n-agents, allowed to stand for some time and 
lilterod, the liltrate evaporated to dryness, and the 
residue ignited to cxjx‘1 ammonium salts, and dis¬ 
solved in a little water. This solution, or the solution 
of the first ignition-residue, if it has remained clear 
on the addition of ammonia and ammonium carbonate, 
is treated as follows ;— 

The e.xamination is continued as in (171), 
i.e. portions of tlic solution of the re.sidue are 
tested as there described in (a), ()3), and (y). 

( 66 ) A prniyilate i.t producnl hij barium cJdoride. 
Anions w'hich will interfere with tlic test arc pre¬ 
sent. The analysis is continued as in (170). 

( 6 ) Ij the orujrnal suhslaiicc was free, from (mi<inic substances, 
but, magnesium ion was found in (107), the whole of the 
solution under examination is evaporated to dryne.ss in a 
porcelain crucible, the residue gently ignited to expel 
anmionium salts (Chap. 111.. No. 68 ), and then heated with 
water, and the analysis continued as in (170). 

(c) If the original solution contained organic sub.stance.s, so 
that a solution of the portion which has been treated with 
sulphuric acid in (130) is to be c.xaniined, the ju'occdurc 
described in (170) is followed. 

170. The solution to be tested for alkali metals, of the residue ob¬ 
tained by ignition in (109, 66 ) or (169, 6 ), or the solution mentioned 

in (169, c), is treated with barium chloride, and if a precipitate is 
produced, more of the reagent is added, until everything precipitable 
has been precipitated ; and then, if the solution mentioned in 
(169, 6 or c) is jireseut (i.e. if magnesium ion or other cations arc to 
be separated), barium hydroxide solution or a thin milk of lime is 
added until the reaction is distinctly alkaline (until the colour of 
turmeric paper becomes a pronounced browm), the liquid boiled for 
some time and filtered, and the precipitate thoroughly washed 
(Chaji. 111., No. 69). 

The filtrate and washings are treated with ammonia, ammonium 
carbonate, and ammonium oxalate in slight excess, gently heated for 
Borne time and filtered, and the pTeci|iitatc thoroughly washed. The 
solution is evaporated to dryness, the ammonium salts expelled, and 
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tho residue dissolved in water. The solution is tested with a few drops 
of ammoniura carhonate and oxalati! solutions to sec whether any 
preeipitate is still formed, filtered from it if necessary, tin; filtrate 
(ivafiorated to dryness, the small amount of aimnoniuni salts e.xpelled, 
and a note t.aken as in (108) whether a residue is left. 

(«) No resulue vt left. Potassiujii and so<lium ions are absent 
(dhap. TIL, No. 67). The analysis is continued .at (17d). 

(h) ,1 rcsUlue in left. Potiin.suini or .'iorlimii ion is present. It is 171 . 
dissolved in a little water, and the solution (which must 
remain clear when treated with innnumkmi carhonate, 
(.hap. TIT., end of 09) is divided into three ^larts and tested 
as follows :— 

(a) With platino-hyflrochloric .acid (See. 2.8, .‘i). 

(P) With .sodium hydrogen (arlrate (Sec, 28, 4). 

Tf a yellow crystalline precipitate is formed in (a), 
and a white ery.slalhne precipitate m ()3), jwla.n.sium 
iiiH is ])resent (Cha]). 111., No. 7tt). 

(y) After it has heen proved that the .solution has not an 
acid reaction, and if so has been neutralised with a 
little [lot.assinm carbonate solution, dipotassium di¬ 
hydrogen pyroaiitiinonate (Sec. 29, 3) is added. 

If a white .sund-likc preci]iitate is formed, .nodium 
ion is present (In a|>plying this test all the precau¬ 
tions given in Sec. 2tt, .‘1, must be observed.) 

'I'he deti'ction of amnioninm ion is idfeeted as in 
(172). 


Sec. 171. 

Detection ot Ammonium Ion. 

The original sidistance must be used for the detection of uni- 172 . 
■mnniirin ion, since amnioninm .salts are frei|uent)y used for the 
detection or separation of cations. A little of the sub.stanco. or a 
small portion of the solution, is triturated with an excess of .solid 
calcinni hydroxide, with the addition of a little water if necc.ssary. 

If a gas with an odour of ammonia is liberated, and this turn.s 
moistened red litmus jiaper blue, and produces white fumes on con¬ 
tact with a glass rod which has been dip^icd in acet ic acid, wnunonium 
I'ln is jiresent. The test is mo.st sensitive when the mixture is stirred 
III a small beaker, the mouth of which is then covered with a clock 
glass, upon the uiidcr-sieie of which is placed a strip of moistened 
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turmeric or red litmus paper. Care must be taken that there are 
no particles of calcium hydroxide upon the edge of the beaker whi(!li 
might act upon the test paper. 

Mixed Compounds. 

A. Suhntmim soluble in water. 

Detection of Anions. 

Sbo. 175. 

1. In the absence of Organic Anions. 

General Survey. 

For the detection of anions which have not already been found 
in the examination for cations, portions of the neutralised .solution 
arc tested with the grouji reagents liavinni chloride and silver nitr.ate, 
with .subsequent acidification, for members of the first grouj) (and 
especially for suljihate. ion if a positive result is obtained) and for 
members of the secorwl group res])ectively, and siqj.arate ])ortions of 
the original substance are then tosteil for the individual nn'irdiers 
of the third grouj). Individual reactions are used for the detection 
of the different anions of the third grouj), in so far as their j)rcse.nce 
has not been j)rovcd by means of the grouj) reagents. If members 
of the second grouj) are detected by means of silver nitr.ate, test 
reactions for individual substances are also a|)|)lied in this case, 
and if several of them are present together a process of sepuration 
must be used (see Chaj). 111., No. 73). 

Process in detail. 

In the first j)lace it is necessary to consider which anions can 
combine with the cations detected, to form c.omj)ounds soluble in 
w'atcr, and to bear these in mind in the following scheme of examina¬ 
tion. In this connection Table I. given in Aj)pendix IV. will be 
found) useful by beginners. Since the process described in the 
following pages is most aimj)le and trustworthy when no other 
cations than those of the alkali metals are present, it appears to be 
the most suitable course to j)recij)itate any other cations which may 
be present, by heating the solution with sodium carbonate, prior to 
the examination for anions, and then to ajrply the tests to the 
filtrate. 
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1. Arsenite and arsenate ions, and also carlmnxite sulphide., chromate, 173 . 

fe.rricijmmeieu, and silicate ions, will, ,is a rule, have been recof;- 
nised already in the preliminary examination or in the course 
of the tests for cations (see Hecs. 150, KM, Kio, and 167). 
Chromate ion may also be readily recoj^nised by the yellow or 
reddish-yellow colour of the solution. In doubtful cases a tost 
is made with lead acetate after the addition of acetic acid 
(Sec. 101, 8). 

2, The reaction of the solution is determined, and, if it is neutral, a 174 . 

larger jiortion is rendered exaclli/ neutral with nitric acid or with 
ammonia. Should a preeijutate be. formed (possibly of silicic 
acid, magnesium hydroxide, etc.) it mihst be filtered oil. If 
a gas is evolved during the neutralis.ation, it should be tested 
as in (105) for carbonate, sul[)hide, and cyanide ions, anil the 
gas expelled by boiling (in any case in a fume cu|iboard, in case 
it is not merely carbon dioxide). Of this liijiiid four portions 
are. (aken for the tests in 8, I, 7, and 8. 

6. A [Kirtion of the clear neutral solution obtained in 2 is tested with 175 . 
barium chloride or, if the solution contains le.ad, silver, or 
mercuric ion, with barium nitrate. 

(а) No prer.ipil.ale is foniied. The analysis is continued at (176), 
since .sulphate, phosphate, oxidate, silicate, chromate, 
arsenite, and arsenate ions, or any considerable .iiuount of 
borate or fluorine ions are absent. 

Tf any considerable ipiantity of anmionimn salts is present m 
the solution, this test i.s not so ooiicliisive, because aininonium 
salts have a more or less pronounced solvent influence on the 
barium salts of most of the acids mentioned (but not on liarium 
sulphate). The precijntation of barium borate is also consider¬ 
ably affected, or even prevented, by the pre.scnce of alkali salts 
(sec Chap. III., No. 72). 

(б) A precipitate is formed. The liquid is diluted and hydro- 176 . 

chloric or nitric acid added ; if the jiree.iiiitatc is insoluble 
or only partially sohible, sulphate ion i.s present (cf, 
however, (diap. 111., No, 76). 

■1. Silver nitrate is added to a further portion of the neutral clear 
solution (see 2). 

(a) Noprcci.pitateisfornu‘d. The analy.sis is coittinued at (181),for 
neither chlorine, bromine, iodine, cyanogen,! thiocyanogen, 

’ The fact that the cyanogen m nicrcimc cyaiiidi' is not rlcti'ctcd by silver 

nitrate was mentioned in (73). 
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ferrocyanogen, ferrioyanogpii, or sulphide ions are present, 
nor phosphate, arsenate, arsenite, chromate, oxalate, or 
silicate ions, nor, if the solution was not too dilute, any 
borate ion. 

177 . V>) precipilale is formsd. The colour is noted, and the liquid 

then shaken with nitric acid. 

Silver cliloride, bromide, cyanide, thiocyanate, ferroeyanide, 
oxalate, .silicate and borate are white ; t silver iodide, ortho¬ 
phosphate, and arsenite arc yellow ; silver arsenate and ferri- 
cyanide brownish-red ; silver chromate purple-red ; and silver 
sulphide black. 

(a) The precipitate lUssolrcs completely. The analysis is 
continued at (181), for neither chlorine, bromine, 
iodine, cyanogen, thiocyanogen, ferrocyanogen, or 
ferricyanogen ion is pro,sent, nor is sulpliide ion. 

(^) A residue is left.^ This indicates the prc.scnce of 
chlorine, bromine, iodine, cyanogen, thiocyanogen, 
ferrocyanogen, or ferricyanogen ions, and it it is black 
or blackisli, also of suljihide ion. If neoess.ary, the 
presence of snl|ihide ion may be readily jiroved by 
mixing a further portion of the original solution with 
an alkaline lead solution (prepared by treating a solu¬ 
tion ol lead acetate or nitrate with sodium hydroxide 
solution until the resulting precipitate has re-dissolved). 
(ua) A fre.sli portion of tlie original solution, or of the 
liquid which has been treated with sodium car¬ 
bonate anil filtered, is treated with a large drop of 
carbon bisuliihide and a small quantity of a solu¬ 
tion of nitrous acid in sulphuric acid (]iotaBsiuni 
nitrite and suljihuric acid), arid the tube shaken. 
If the carbon bisiilfihide becomes violet in colour, 
iodine ion is present. A little fresh chlorine water 
is carefully added, whether or no there was a 
violet coloration, and the. tube again shaken. If 
the carbon bisulphide was coloured violet through 
the separation of free iodine, the addition of 
chlorine water is continued until the violet colour 


1 If organic anions aie piescnt, a prcnpitate fonned in a veiy conci-ntrated 
solution may ai.so lie sdver acetate. 

2 Under certain eonilitiona precipitates of cinnamic, benzoic, or salicylic 
acids (soluble in ether) may aiipear. 



657 


SEC. 170 DETECTION OF INORGANIC ANIONS 

\ 

just disappears, and a small additional quantity 
then added. If the carbon bisulphide becomes 
reddish-yellow, either immediately or after tlie 
violet coloration has disappeared, hroniine ion is 
present (cf., however, cc; also Chap. III., No. 

73). 

(bh) A small portion of the liquid mentioned in (aa) is 179. 
treated with a little hydrochloric acid and tested 
with two or three drops {not more, cf. Chap. III., 

No. 71) of ferric chloride solution. A red colora¬ 
tion indicates thioci/mtoqcn ion, and a blue pre¬ 
cipitate fcrroci/anngen ion. If the latter is obtained, 
a further portion of the li(juid mentioned in (aa) 
i.s acidified with hv'droehloric acid and shaken with 
ether, and f lie ellnn-eal layer separated and tested 
for Ihiocgnnogen with ferric chloride. Another 
poition of the liipiid is test(^d f(jr Ji-tiicijnnorji'i). ion 
(i.c. if the colour of the silver nitrate |preeipitate 
indicated t.liat it might be present) by means of 
a freshly-prepared solution of ferrous siil]ihati‘, 
obtaineil by heating pure iron wire with dilute 
.sulphui'ic acid. 

(cc) Cyimoi/en ion. il ]iresent m an alkali cyanide 
soluble m water, may usuiilly be recognised at once 
by file odour of hydrocyanic acid emitleil by the 
substance, this being more proiioiineeil on the 
addition of a little dilute sulphuric acid. If 
ferroevanogen or ferrieya nogen ion is not )ire,sent, 
the cyanogen may be detected in the Ihpiid 
mentioned in (tm) by means of ferrous aul]ihate, 
ferric chloride, and sodium hydroxide, with the 
subsequent addition of hydrochloric acid aa in 
Sec. 120, 7. k’or its detection in the presence of 
those ions, sec Sec. 125, i. 

Since cyanogen ion materially interfere.s with 
the detection of iodine and bromine ions by means 
of nitrous acid (or chlorine wafer) and carbon 
bisuliihide, a negative result of the test in (oa) is 
not a c.onclusive ]iroof of the absence of iodine or 
bromine ion if cyanogen ion is pri'sent. In order 
to detect those ions in this case, it is best to destroy 

42 
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the cyanogen ion beforehand, and to proceed aa 
described in Sec. 120, 0. 

180 . iodine, bromine, cyanogen, thiocyanogeu, 
fcrrocyanogen, ferricyanogen, and sulj)hide ions arc 
not present the precipitate insoluble in nitric acid 
was silver chloride, and the pi'cscnce of chlorine ion 
is proved. 

If, on the other hand, one or more of these 
other 8ubstanC(‘.s wa.s present, a a])eeial e.xaniina- 
tion for chlorine ion is neciessary, especially if it is 
not possible to conclude with certainty from the 
relative jirojiortions of the prcci[)itates that 
chlorine ion is jiresent.' In such exceptional 
cases one of the methods given in 8ec. 12.5, 8, is 
used. 

181 . 0. Chlomic ion ma}' be reiajgnised by the yellow coloration which is 

obtained on introducing a little of the original substance, or 
of the solid residue left on evaporation, into concentrated sul¬ 
phuric acid in a clock-glass (Sec. 131, 7). 

6. Nilralc ion is detected by testing a )iortion of the original solution 
with ferrous sulphate and sulphuric acid (8cc. 130, (i). 

The pre.sencc of some other .anions may interfere with or prevent 
tliis reaetion. If such anions (especially chlorate, chromate, iodine, 
or bromine ion) were present, they must be either destroyed or re¬ 
moved. In the case of chlorate ion this js cll'ectoil by ignition with 
sodium carbonate (8cc. 132, 3); chromate ion is reduced with suljihui 
dioxide, and the cliromio ion 2 )recipitati‘d by ammonia; whilst iodine 
and bromine ions arc jirociiiitatcd by means of silver sulphate. Nitrate 
ion may also be detected as in 8eo. 130, l(i. 

Tests for 2 >hosph<dc, oxalule, xUicate, borate, iiml fluorine ions 
still remain to be apjiliod. In the case of the three first ions, 
they need only be made when both barium chloride and silver 
nitrate have jiroduced a precipitate (175,5), (176), Chaji. Ill , 
No. 72. 

182 . 7. In testing for p/iosphafc ?o?i a portion of tlie neutral solution (174) 

is treated with a clear mixture of magnesium chloride, ammonium 
chloride, and ammonia solutions (Sec. 107, 7). Very small 

^ If, for example, silver nitrate produced an abumlant precipitate wiiich 
waB insoluble in nitric acifi, whiUt m the further examination only traces of 
iodine or bronime ion were found ami other anions of the fjecoiid group wcic 
absent, no further proof is required of the presence of ehlurmc ion. 
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quantities of phosphate ion arc detected most readily hy means 
of ammonium molybdate (Sec. 107, 10). If arsenate ion is 
jnesent, it must be se]>arated beforehand, whatever method of 
examination is used, hy means of precipitation with gas(!oua 
Iiydrogcn sul[)hide, from the solution ])reviously acidified and 
lieatcd to about 70'^. 

8. For tlie detection of ojxilatc ion and jluorinc ioUy calcium chloride 
is added to a fresh j>ortion of the neutral solution prepared as 
in (174), and if a precipitate is formed aceti<; acid is added. If 
no ])reoipitato is obtained (or only a j)recipitate which dissolves 
readily in acetic acid), oxalate and fluorine ions are not present; 
if, Jiowevcr, tlic reverse is the case, although it is not yet possible 
to form a dclinite comdusion as to the firesencc of tliest' anions 
(Chap, ill., No. 75), tliere is reason for testing tlie precipitate 
f(»r tliem. In that case, jiortions of the original substance are 
tested ioT oxalate io7i i as iu Sec. llO, 10, and for Jluorinc ion as 
in Sec. 111. 6. Since, however, many oxalates cannot he pre¬ 
cipitated from tiieir solutions hy means of calcium chloride 
(see p. 432, 4), a direct test for oxalate ion ^ should always be 
made as in Sec. 110, 10, when heavy metals arc pre.sent. 

!). For the detection of horalc ion, a portion of the original solution, 183 . 
or of the fdtrate from tlie sodium carbonate jirccq^itate, is 
slightly acidified wil-li hydrocldoric acid, and tested with tur¬ 
meric paper (!Scc. 109, 5). 

Since clilorates, chromates, and iodides interfere with, or prevent 
the reaction, it is necessary to destroy or remove tJiese ions, if present, 
prior to applying the test for borak: ion {cf. 181. (>). Any nitrites 
]jr(‘scnt, winch also have a disturbing infincnco upon the test, may he 
destroyed by treating tlio acidified liquid with hromine, the exce-ss of 
whu;h is subsequently removed by boding. 

If). Sliould silicate ion not yet Iiavc been found in tlie c.Kamination 
for cations, a jiortion of tlie solution is acidified with hydro¬ 
chloric acid and evaporated to dryness, and the residue treated 
with hydrochloric acid (See. 115, 3). 

‘ If the substanceeonUiiiscarbon dioxide, tlio latter must first be removed 

•>y means of dilute auliihuric acid. 
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n. Organic Anions are present. 

Sec. 176. 

(Inicml Survey. 

The Kcpciration of organic anions depends upon the use of the 
group reagents: liydrochloric acid, calcium chloride, and ferric 
chloride. 

(a) HydrocMoric acid precipitates cinnamic acid (practically 
comjileti'ly), and jiartially preeijiitates benzoic acid and salicylic 
acid from concentrated solutions. 'I'he ])reci[iitatc is dissolved in 
sodium hydroxide solution (if necessary after separation of the 
chlorides of (h'oup Vj. by means of ether. Chap. 111., No. 78), and 
the solution rendered exactly neutral, and separate portions thereof 
te.sted with ferric chloride as to whether (h) a precijiitate (cinnamylatc 
ion or benzoate ion), or (c) a coloration (salicylate ion) is produced. 
If the former is the case, a test for cinnamylatc ion {d) is made with 
manganous sulphate, and for benzoate ion (c) by Mohler’s method 
(Sec. Ill, it), a note being made of what is said on p. r),'i7. (/) The 

filtrate from the hy'drochloric acid j>reci|)itate (after sejiaration of 
the cations of ((roups 11. to VI., and also of silicate and carbonate 
ion) is treated with ctdc.ium chloride («) in the iirescnce, of ammonia 
and a suliicient quantity of ammonium chloride. Of the organic 
anions only oxalic, and tartaric acids (with possibly phsophato, etc.) 
are preci|)itat,ed, since calcium citrate, inalate, and succinate are 
retained in solution by the amnioiiium salts (Chap. 111., No. 7H) 
{(f) The jirecipitatcd calcium .salts may be separated by means of 
cold sodiumhydroxidesolutioii into! alciuui oxalate, wliicliis insoluble, 
and calcium tartrate, which dissolves in that reagent. (A) The former 
may be identified by means of manganese dioxide and sulphuric acid 
(in the presence of calcium )ihos|jhate, etc., which may be jiresent). 
(i) Calcium tartrate is precipitated on boiling the sodium hydroxide 
solution. (A) The filtrate from the preci|iitated calcium salts (,/') 
yields, on treatment with three parts of 80 per cent, alcohol, a jireciju- 
tate of calcium citrate, malate, and succinate, wiiilst all other organic 
anions remain in solution. (!) If the calcium salts precipitated hy 
alcohol are dissolved in a lillle hydrochloric acid, and the solutiou 
treated with excess of ammonia and boiled, calcium citrate is pre¬ 
cipitated (since there is no longer sufficient ammonium salt present 
to prevent its precipitation). (»«) (hilcium malate and succinate 
remain in solution. They may be precipitated again by repeating 
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the treatment witli alcohol, and soj>aratcd from one aiKjther and 
identihed by nioans of the fact tliat calcium malate is oxidised to 
calcium oxalate when evaporated with nitri(3 acid. If the residue 
which has ])eeii lieated with nitri(^ ac^id is boiled with sodium carbonate 
solution, and tin* li((iiid iiltered from the calcaum carbonate, the filtrate 
will contain the sodium salts in solution. (?i) Tin; oxalate ion may 
be 2 )rccipitat(‘d by means of calcium chloride in the presence of 
ammonium chloride. The filtrate wdien treated with alcohol (o) 
gives a precipitate of calcium suctanate again. Oji evaporating the 
alcohol from the first alcoholic precapitatiou (^ 3 ), and treating the 
neutral solution with ferric chloride {p) ferric benzoate is preeipitati^d. 
( 1 /) d'lie solution which has Ikmoi treated with ferric <^hl(jride is violet 
m 1-lie presence of salicylate ion, and red m the im'sem^e of acetate 
;ijid formate ions. Witli regar<l to their individual identification when 
two or t hree of these anions an' present tog('th<'r. vide infra 192). 
'Pliis solieme of separating th<' anions of organic aiads may lie re^ 
pre.si'nted in tai)iilar form (]) 662). 


Process in detail. 

The examination for inorganic aaiions, whicdi must obviously bo 
made, is carried out as described in See. 176. 

With regard to the organic anions, conclusions are drawn from 
file results of the preliminary e.xaminations and of the tests for 
cations, from the dogri'i^ of solubility, and from observations during 
the (h^tectioii of inorganic, anions as to which anions in general can 
h(‘ pri'sent, and the sul)S(‘(juent e.xamination is n'stncted to these. 

Thus cinnaniylate ion (tan only be present if hydrochloric acid 
produced a precipitate in tin; tests for cations. Tartrati^ iiiid citrate 
10 ns can only he present if botli barium chloride and silver nitrate 
]irodiiced a precipitate in the. tests for inorganic anions, because 
barium and silver tartrates and latrates an^ insoluble in wab'r. Tn 
drawing such conclusions, howi'.ver, it should he noted that they are 
onh/ relatively decisive when considerable quantities of ammonium salts 
arc [u-esent, since the salts in question are by no means insoluble 
under such conditions. See also the statements in (Tap. Hi., No. 72, 
which are also ajijilicable here. 

1. .1 portion of the oriyinal solution is traded with hydrochloric acid 184 . 
{ef 102, lO'l, or 109). 

(a) No precipitate ts fanned. Chnnamylate ion is absent. The 
examination is continued at (185). 



662 PRACTICAL METHODS OF GENERAL COURSE 




a -2 

^535-i*. S'^'ca . 

'“■pS •S'sISSslI 

^l■2gS■§|.iEZi8^ 

■■ 9 ^ 2 *" 524»3-‘^js®5 

2''S «5 S 

'sTs.'So 


CH. 1 


succinate, (con¬ 
firmatory test) 





SEC. 17G INOROANIG AND ORGANIC ANIONS 663 

• 1 

(6) A precipitate is form'd. The liquid in whicJi it is distributed 

is treated with ether (102, h). 

(a) The precipitate, dissolves com,pletdy (102, b, a). The 
presence of cinnamylate, henzoiite, or salicylate ion is 
indicated. The wliole of tljc solution intended for the 
detection of orf;ani(; anions is treated with hydrochloric 
acid, and the precipitate fdtered oil, and washed twice 
with cold water. 

The liltrat(^ is treated as in (ISo), whilst the ])reoipi- 
tate is furtluT examined hy dis.solvin;' it in sodium 
hydroxide solution, neulralisinc the solution exactly 
with hydrochloric acid, and adding a little neutral ferric 
ehloride, .sohilion to a portion thereof. 

(aa) No precipitate is formed. Cinnamylate and 
benzoate ions arc absent. 

Tlic luptid has a violet colour. Salici/late ion is 
present. 

{bh) yI preeipilate is formed. 

(aa) Another portion of the, neutralised sodium 
hydroxide solution is treated with 'manijanous 
.sulphate and allowed to .stand for an hour. 
If a precipitate, is formed, cinnamylate ion is 
present. As a confirmatory test a portion 
of the sodium hydroxide solution is diluted 
with a large amount of water, and treated 
with hydrochloric acid. 

(/3|8) A third portion of the solution in sodium 
hydroxide is subjecti'd to Afohlcr’s test 
(Sec. Ill, It) for benzoic acid. A red-broum 
coloration indicates benzoate ion (ef., however, 
p. bm). 

(yy) If the liquid in which ferric chloride produced 
a jirecipitato is of a violet colour, salicylate ion 
is present. 

(j8) It does not dissolve completely (102, 6, /3) or (103, a). 
The ethereal layer, after standing, is separated from 
the aqueous layer (Chap. 111., No. 78), and evaporated, 
care being taken not to ignite the ether. 

(aa) No residue is left, tliunaiuylate ion is absent. 
The analysis is continued at (180). 
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{bb) A residue is left. Ciniiainylate, benzoate, or 
salicylate ion is present. 

It is dissolved in sodium hydroxide solution, 
and the solution treated as described in (a). Other 
orfjanio anions are detected as in (185). 

185. In testing for mgunic unions, other than cinnaniylate ion, the 

liquid must be free from cations of Grotips II. to VI. These arc 
removed (in certain cases after a precipitation with hydrochloric 
acid) by boiling the solution with sodium carbonate, or, if this 
does not effect their separation, by precipitation with hydrogen 
sulphide, ammonium sulphide, and sodium carbonate. 

The fxltrate from the jxrecipitated metal comjioxmds is 
acidified with hydrochloric acid, heated, and .shaken to remove 
carbon dioxide and hydrogen sulphide ((,'hap. III., No. 77), 
The solution thus obtained is examined as follows ;— 

2. The liquid is concentrated, and a [lortion rendered slightly alkaline 
with amTiionia, and treated with ammonium choride and then 
with calcium chloride in not too small a quantity, the sides of 
the vessel rubbed w'ith a glass rod, or the vessel vigorously 
shaken, and the mixtinc allowed to stand for about two hours, 
(u) No precipitate is formed, either immediately or after some 
time. Oxalate and tartrate ions are absent. The analysis 
is continued at (187). 

(6) A precipitate is formed imnu-diately or after some lime. It i.s 
filtered off and washed, and the filtrate re.served for further 
examination as in (187). The greater part of the precipitate, 
(which, in addition to calcium oxalate or tartrate, may also 
be due to calcium phosphate, borate, or fluoride) is treated 
in the cold vrith freshly-prepared sodium hydroxide solution 
(free from carbonate) (Chap. Ill,, No. 7'J), then diluted with 
a little water, and filtered from any residue (which must 
eventually be treated as in (186)), and the filtrate boilcil 
for some time. If a precipitate now separates, the presence 
of tartrate ion may be inferred. It should be filtered oil 
while hot, and examined as in Sec. 134, 11 or 17. 

Since the reaction in which calcium tartrate is rc-precipitated 
from its sodium hydroxide solution on boiling may sometimes 
not bo obtained (p. 600, footnote 1), it is necessary, in the 
event of a negative result, to test the remainder of the pre¬ 
cipitate produced by calcium chloride directly with resorcinol 
and sulphuric acid (Sec. 134, 17). A red coloration iiulieates 
the presence of tartrate ion. 
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If the precipitate produced hy calcium chloride is not 186. 
4 *,onipletcly soluble in sodium liydroxidti solution, it should 
be tested for oxalate ion, if an examination for that ion has 
not already been made, by wasliiiif:; it and treating it with 
dilute suljdiuric acid t(j remove (carbonates, and then witlx 
manganese dioxide and concentrated sulphuri<; acid, as in 
♦Sec,. 110, Jo. If aji (wolution of carlxm dioxide is produced, 
OTcilair ion is present. 

3. The licpiid in which calcium chloride lias not produced a pre- 187. 
cipitate, or the fdtrate from such jirec.ipitatc' (m which latter 
case a. little more calcium cldoridi; is add«M|, (’hap. HI., No. 80), 
is treat(‘d witli about three times its voluiiu! of 80 per cent, 
alcohol, and the flask closed, and aIlow<‘d to stand for some 
hours at as low a temperatun; as jiossihhn 

(u) No pm ipilalr. is fofined, (’itrate, malat<\ and smxaiiatc ions 
an' absent. The analysi.s is c.ontitiued at (100). 

(h) A pfecipilale is fonned. TIic Ih^uid is filtered, and the 188. 
filtrate treated as in (100), whilst the ])reci[iitate is washed 
with ddnte ah'.ohol, and examined as follows^ :— 

It is disf.ributed in watcjr, a little hydro(dilon<5 acid added, 
tli(i lifjiiid filtered if necessary, aJid the filtrate rendered 
strongly alkaline with ammonia, and boiled for some time 
(under certain conditions up to half an hour), during which 
process the reaction must remain alkalim*. 

(a) The liqKid remains elrar. Chtrate ion is absent. Any 
calcium malatc or succinafx* [)rese]it is ]>recipitatcd as 
in (187) by the addition of three parts by volume of 
alcohol and allowing the mixture, to stand in a closed 
Hask, the. precipitate filtered off, washed Avith dilute 
alcohed, and separated from the filter, and a portion of 
it dried in a porcelain basin until all alcohol has been 
expelled {Chap. III., No. 81). The dry residue is dis¬ 
solved in nitric acid of sp. gr. T3D (abinit 2 c c.), and 
the solution evaporated to dryness on the water hath, 

'riiis treatment with nitrm acid is repeated twiee 7im'c, 
whereby malic acid is oxidised to oxalic acud, whilst 
succinic acid remains unchanged. 


• Tf tho amount of the precipitato is very small, it may possibly consist of 
sonic n‘M«luaI tai'tario acid w'lm-ii has remained m solution aftcT tlic treatment 
desenhed iii (18.^)). It .slionhl, llnTcfore, be (IissoIvjsI iti a liltle hydnxddoric 
acid, and tho proccs-s given m (185) and (187) ropeamd. 
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The residue finally obtained from the evaporation 
with nitric acid is boiled for some time with a slight 
excess of sodium carbonate solution, the solution 
filtered and a portion of the filtrate ncidifud with 
acetic acid, and treated with a few drops of calcium 
ohhu'iile sohitiond 

(au) No ))recipitatc is formed. Malate ion is absent. 
'J'he remaind(*r of the alkaline solution is neritralised 
exactly with hydrochloric acid, and tested for 
succinate ion by means of ferric chloride (Sec. 
138, 5). 

(Wi) A precipitalc (of cahdum oxalate) is furnu’d. The 
jjresence of malutr ion is indicated. Confirmation 
is obtained by converting the malic acid in the rest 
of the precipitate (a p(}rtion of which W'as heated 
with nitric acid. Sec. 137, 2, and p. 620) into 
fumaric acid. Kor the detection of succinate ion, 
the remainder of the alkaline filtrate (a) is 
acidified with hydrochloric acid, the carbon 
dioxide expelled, th<^ liipiid rendered slightly 
alkaline with ammonia, .-iiid the oxalate ion pre¬ 
cipitated from the hot solution by means of cal¬ 
cium chloride. The liltrate i.s treated with three 
times its volume of alcohol, and alfijwed to stand 
for some hours. 

(aa) No precipitate is formed. Succinate ion is 
absent. 

(;8)3) A precipitate is formed. Succinate ion is 
present. As a confirmatory test, the ])rc- 
cipitate is filtered off, washed with dilute! 
alcohol, suspended in water, and treated with 
dilute sulphuric acid. The liquid is then 
shaken or subjected to continuous extraction 
with ether, the ethereal extract separated, 
and the solvent distilled. By this moans 
.succinic acid is separated in solid form, an<l 
may be identified by dissolving it in sodium 
hydroxide solution, and adding ferric chloride 
to the neutralised solution (Sec. 138, 5). 

* For other methods of separating malic acid from succinic acid, sco 
Soo. 140. 
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(P) A lie.amj while precipilaie vi formed. Cilmlc ion is 189. 
])re3eiit. Tlio liquid is filtcrod while boiling, and the 
filtrate tested for malate and .succinate ions as in the 
case of (a). In order to be quite certain that the 
])reci|>itate (Hinsists of calcium (iitrate, it should bo re- 
dissolved in a httle hydrochlorio acid, and the solution 
heated, again rendered alkaline with ammonia and 
boiled, which must cause the precijiitate to be formed 
again (<f. Sec. 136, 3). Stahre'.s reaction is a))plicd 
(to the eidjilitiric iieid solution) us a confirmatory te.st 
Sec. 1,36, 10). 

4. The filtrate from the ])rec,ipitate obtained in (1S8, 3), or the solu- 190. 
tion which yieldeif no preeijntate on thi^ a<hlition of alcohol 
(187), is heated to expel the alcohol, nimtialised e.Kactly with 
hydrochloric acid, and treated with a little neutral ferric 
chloride .solution. 

(а) Neither a preeipitiile uor a coloration f.v produced. Salicylate 

and benzoate ions, and also any considerable amounts of 
acelate and formate ions, are absent. The analysis is 
continued at (191) and (192). 

(б) A Jlesh-coloured precipitate i.i formed. Benzoate ion is 

present. As a confirmatory test frhe precipitate is washed, 
and treated with a small amount of hydrochloric acid 
(Sec. 141. .3). 

(c) .4 violet coloration is produced. Sahcylate ion is present. 

Since the coloration, if pronounced, may mask the presence 
of a [irecipitate of conqilex ferric benzoate, which may be 
present, the liquid i.s filtered, and the precipitate washed 
with water. If a flesh-coloured residue is left, the presence 
of benzoate ion is indicated, and confirmatory tests should 
be applied. 

id) A more or les.s pronounced, red, coloration is produced. This 
indicates the jiresence of acetate or formate ion in some 
considerable quantity.' I'he liquid is filtered, and any 
residue of complex ferric benzoate left on the filter is treated 
as in (6). The filtrate is heated to boiling-point, the result¬ 
ing precipitate treated with hydrochloric acid, drop by drop, 
until it just ro-dissolvcs, and the solution diluted with 
several times its volume of water. Salicylate, ion may be 
recognised by the violet colour of the liquid. 

' Salicylate ion may also produce a red coloration (Sec. 142, 7). 
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191. 5. For t]io detection of acHalc ion either the original solid substance 

is nsc(), or a portion of the origmal aqueous solution (which, if 
acid, must first be rendered alkaline with sodium hy<lroxide) is 
evajiorated to dryness for the [inrposc. A small quantity of this 
dry substance is treated with a. little alcohol in a test-tube, an 
equal volume of conccnirnlcd sulphuric acid added, and the 
mixture heated to boiling point. If an odour of ethyl acetate, 
which can msually be recognised most readily when the, tube is 
shaken wliile the liquid cools or after cooling, acetate ion is 
])resent (sec, however, the ]>aragraph in small typo (192) infra). 

192. 6. Formate ioTi is ilctocted by rendering :i portion of the solution, 

prepared as in (180), just acid with liydrocliloric acid, adding 
sodium acetate, and heating tlie liquiif with mercuric chloride 
solution. A wliite turhif^lity, Hue to the separation of mercurous 
chloride, indicates th(‘ presence ui fonnalH ton (Sec. 14*1, (J). 
Conlirmatory tests are mad<^ with silver intrati* and mercurous 
nitrate (Sec. 143, 4 an<l 5). 

In the presence of chlorate and chromate ions, acetate and 
formate ions cannot be detected in the manner described. 

If chlorate ion is jiri'scnt, it should be reduced as in 8ec. 131, 10, 
before apjilyin^; the tests in (101) and (11)2). In the presence of 
clirotnate ion, tlie oripnal solution is treated with a little sulphuric 
acid, shaken with an excess of lead oxide, and lillored, ami the tiltratc 
treated with suljilmrie acid in moderate excess, and di.stilled. TJio 
distillate is neutralised with sodium hydro.xide and cva])orated nearly 
to dryness, and tlu* n^sidue tested as in (ll)I) and (11)2). It is also 
advisable, wlu^n organic acids of the first and siuiond groups aic jirescait 
in any considerabli' ((uautity, to distil the lupiid wliieh has been treated 
with sulphuiie acid. 


Mixki) Compounds. 

A. 2. Suhsliiricf’s imoluhle in water, hit sohble in hydrochloric and 
nitric acids and in aqua reyia. 

Detection of Anions. 

(kncral Survey. 

Essentially the method of detecting the anions of substances 
insoluble in water consists in decojuposing the compounds in question 
with alkali carbonate, dissolving the resulting alkali salts in water, 
and testing the solution for anions as in Secs. 175 and 176. In the 
case of inorganic substances the decomposition is effected by fusion, 
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and in the case of organic substances by Ixuling them with alkali 
carbonate solution. 

In exceptional cases where this nn'thod preseut.s difliculties 
special reactions ace used for the examination. 


Process -in detail. 

I. In the absence o£ Organic Anions. 

Sec. 177. 

In the exaininalion of th(‘sc compoutid.s all aidon.s, with the 
exci'ption of cldoCiiU: ion, have to he taken into consideration. 

(.'yanogen compounds and .silicates arc imt examined by this 
process (r/i Secs ]<S0 and 181). 

1. Cuiho-iuile, siilplndc, arsenile, and ar.scnttlc ions, and also c/nonmlc 193. 
ion. wdl already have, been detected dining tlie soliiliim of the 
substiiiice and the examination for cations Niliiilc ion will 
have been recognised in the ignition of the sidistance m a glass 
tube (8, ee). 

8 . A portion of the substance is mi.xcd with four parts oi pure, 194. 
sodium and potassium carbonates, and, it a sidpliide is present, 
with a little .sodium nitrate, and lused ni a iilatmum cnicdde in 
the ab.senc.e of reduiable metal compounds, or jii a porcelain 
criiedile if such compounds are present. The cidd fii.sed mass is 
boded with water (after separation from the crucible as in 
Sec. l.o, ]i. 60, or in the crucible), the .solution lill.ercd, and the 
liltrat.c used tor the detection of all the anions which may have 
been in combination with t he metals, as described in Sec. 17”), 
with (he exception of oxalic acid, which has been destroyed by 
the fusion (</. (.liaj). 111., No. 82). 

If a sulphide was jireseiit, a sepaiate jioilion of the substance is 
tested foi sulphate ion, by heating it with liydioehlone acid, lilterilig 
the, solution, ililiitiiig the (iltrate with water, and treating it with 
barium chloride. 

3. fsince the phosphates of alkaline earth metals and of aluminium 195 
are only incompletely decomposed when fused with alkali 
carbonate, it is udvi.sable, when alkaline earth metal ions or 
aluminium ion are present, and phosphate ion has not yet been 
detected (rf. 160), to dissolve a fresh portion m nitric acid, and 
to test the solution for iiliospimtc ion by means of ammonium 
molybdate solution (See. 107, 10). If a silicate or arsenate is 
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present, a hydrocliloric acid solution is made, silicic acid sepa¬ 
rated as in Sec. 11.5,3, and arsenic by means of hydrogen sulphide, 
as in Sec. 90, 3, the liquid filtered, the filtrate treated with nitric 
a<!id and evaporated nearly to dryness, and the residue diluted 
with water containing nitric acid, and tested with ammonium 
molybdate solution. 

196. i- It is also best to test a se|)arate {lortion for fluorine ion as in 

Sec. Ill, G or 7, if alkaline earth ions have been detected in the 
examination for cations, and fluorine ion has not yet been found 

{of. 160). 

5. A test for .‘iHimlc ion should only be ajqilied to substaticos which 

have been treated as in (191), when the fusion was effected in a 
platinum crucible. If a porcelain crucible was used, a separate 
test should be aj)plied to the residue obtaimsl by evaporating 
the hydrocliloric or nitric acid solution of the original substance 
(Sec, 11.5, 3). 

6 , For the detection of oxulair ion in the absence of organic anions 

(Sec, 99) a separate portion of the original substance should be 
boiled with sodium carbonate solution (cf. 198). If organic 
anions are present, a test for oxalate ion slnnild be, made. The 
alkaline filtrateisacidiliedwith acetic acid, and tested with calcium 
sulphate solution. If a white, pulverulent jirecijiitatc is pro¬ 
duced, the presence of oxalate ion is indicated. As a confirma¬ 
tory test a portion of the substance is treated as described in 
Sec. 110, 10, after destroying carbonates, if nccessai'y, by 
treatment with sulphuric acid alone. 

II. In the absence of Organic Anions. 

Sec. 178. 

197. 1. Tests for inorganic anions arc made as described in Sec. 177. 

2. For the detection of acetate ion the original substance is te.stcd as 

in Sec. Ill, 8, or the distillate obtained after the addition of 
sulphuric acid is treated with excess of sodium hydroxide and 
evajiorated to dryne.s3, and the residue tested. See also the note 
in small type (192). 

3. A small portion of the substance is mixed with a little dilute 

hydrochloric acid on a clock-glass. If there is an insoluble 
residue it should be tested for cinnamylate, benzoate, and 
salicylate ions as in Sec. 115. Any considerable quantity of the 
two last may thus be most easily detected, but very minute 
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quantities may dissolve completely, and it is, therefore, neces¬ 
sary also to take benzoate and salicvlato ions into consideration 
in (108). 

4. A portion of the substance is boiled for a few minutes with 198* 
sodium carbonate solution, to which, if it is not to be concen¬ 
trated, a little solid sodium carbonate is added, and the liquid 
diluted and filtered from the jirecipitate. 'I’lie whole, of the 
organic anions will now be present, together with sodium ion, 
in solution. 'I’lie filtrate is concentrated by evaporation, acidi¬ 
fied with hydrochloric achl, and filtered from anv precipitated 
cinnamic, salicylic, or benzoic acid, for which the [irecipitate is 
tested as in (181). It is then moderately heated, and re[)eatedly 
.shaken to e.vpel carbon dioxide, and treated m the same w.ay as 
the .solution iirepared by an analogous method in (18h). .Should 
the ions of heavy metals or alumimnm ion have dissolved (as 
Complex compounds) through the action of organic acids, they 
must bo removed prior to ajiplying the tests for organic acids 
by the method described at the beginning of iSec. 1.59. 

Mtxhj) Comtound.s. 

Ji. Siiljslfitia'n insolabh' or diisolvinij -ivith in miter, lii/dro- 

ckloric and nitric aviih. and aqua rei/ia. 

Detection of Cations, Anions, and Elements. 

Sue. 179. 

In this .stage of the e.xainination the following substance,s have to 199. 
be taken into consideration ^ :— 

Hariuin, slruntimn, ami calcium ,'tulp/tale.- had sulp/ialc3 and 
lead chloride.'^ 

Sdi'er cMuride, bromide, iodide, and cijaiiidc.’’ 

Silicic acid and many silioate.i. 

^ With reg.xril to the deteilioa of ey.inogeii conqioiiiuls msolulile in water 
or ai'ulH, .-,ec .Sec, ISO. 

l-Ulciiiia .suliiliale! is [ijutially dissolved, even by ludei, ,ind is frequently 
eoinpletely dl.s.solve<l by acids. 

1/^ad siil])hate may be found qu.autifalively in the solution obtained with 

acids. 

' Lead chloride can only lie found here if the ]ireci]utate insoluble in acids 
ha.s not boon thoroiiglJy wanLoti with hot water. 

® Silver broiiiklo, Kulido, and cyanide are <l('cojn|»osed by boiling with aqua 
rc^ui, atKl converted into silver chloride. Hence, th<‘y can only bo found hero 
when a substance is prest^nt which i.s being dircclly cxaiiiiiicd as in yce. 179, 
owing to its being iiiHolublo in a/qua regia, or when tliere is an objection to the 
preparation of an itqm rtyia solution (sco Chap. 111., Wo. b). 
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Aluminium <rxide of natural occurrenoo and when strongly 
ignited, and many aluminates. 

Ignited chromic oxide and chromic iron ore (ferrochromite). 

Stannic oxide when ignited and of natural occurrence (tin stone). 

Some metajiliosjiliates and arsenatc.s. 

Calcium fluoride and some other fluorides. 

Sulphur. 

Carbon. 

Of tlu'sc substances only those ]>rintcd in italics arc of frcr|uenf 
occurrciK*. 'Flic silic'ates play so imjxirlant a jiart in mineral analysts 
that they are dealt with sejjarately (Kee.a. Itil to 184). 

♦ 

(icmral Surve;/. 

SubfitancoH insoluble in acids arc citlier coinbustilile or vuIaUle 
in tbe air, as e.f/. the clcnieiils carbon a,iul suljilmr. or tJay may Ik; 
converted ]>y fusion willi sodium carbonatt; (and jiotassium iiitnite) 
into coiupoTinds soluble in water or acids. A fused mass is tlnis 
olitaincd, from wliicli on treatment with water the anions are dis¬ 
solved, toj^idlicr with alkali ions, wliilst the cations arc left in a 
condition in which they can be dis.solv(“d by acids. 

The cations and anions in tlicse solutions may then lie dcbicted 
as described in the juecedui^ sections. The fusion must be canicil 
out in a. philinum crucible, because', if a porcelain crucible is used, its 
glazin^^ will be attacked, and may \’]eld silicic acid and aluminium to 
the fused mass. 

Substance.s containing leail, silver, or sul[)hur, however, must not 
bo fused in a ])]atinum crucible, or it will be attacked ; hence, tests 
for these substances should be, made prior to the fusion, and, if 
present, they must be removed. 

In the case of lead compounds, this is elVecb'd by extraction with 
hot sodium acetate solution, wlnlst silver salts are removed by 
treatment with hot ]K»tassium cyanide solution. 

Sulphur is eliminated by ignition. 

Since carbon is biiriu'd <hiring the fusion, a si'jiaratc portion ot 
the substamai should be tested hu- this clement by boating it in th(‘ 

air. 

ProcesH in ddatl. 

The preliminary tests given in {a) to (d), or (/), arc apjilied to the 
substance wliich is insoluble or soluble witli dilllculty in water and 
acids, if the quantity of substance available permits. Should this 
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not be the case, only the test for carbon as in (202, c) is made, and 
the examination at once continued as in (205), but it will then be 
necessary to take into consideration the pos.si])i]ity of all the sub¬ 
stances mentioned at the boginnin;^ of this section being j)resent. 

(a) The physical condition of the substance is noted to determine 200. 
wlH'ther it is uniform throughout, sandy or pulverulent, 
uniformly coloured, or composed of |)erticles of difterent 
colours, etc. A nucTosco [)0 or even a lens is useful for this 
])urpo9e. 

(h) A small ])ortion of tlic substance is lieatod in a glass tube 201. 
fused tog(^thcr at oiui end. A brown vapour and charac¬ 
teristic sublimate indie,atos the ])resen(a' of sulphur. 

(c) ff the substance is black, the jirescnce of curhon (charcoal, 202. 
coal, ))one-black, lamp-bhrck, grapliite, etc) is usually 
indicated. A small portion is heated on ])latinum foil. 

If the sul)stanoe wliicOi causes the hlack colour burns, it 
was carbon. Oraphitc (easily recognisable hv its marking 
capacity) is only (mrned comjdetely when oxygen is used 
and at a strong ignition tenpierature. 

{d) If the- sub.stanc<5 is of a light coheir, a little of it is mois- 203. 
tened with amm<iiiium sulphide. If il Temains white, lead 
or silver compounds are not pi‘i‘sent. The o-v mination is 
continued at (207). Ihit if it becomes black, or oven only 
darker, it should be tested as in (c) ami (/) (201). 

(c) A .small j>ortion is hcaiixl for sona; time with a fragment of 
(i(»tassiiiin cyanide and a little water, tlie lifjuid iiltcred, and 
half of the liltrate acidilicd with nitric^ a< id, and the other 
half treated with ammonium sulphide. If the former 
reagent produced a white prc'eipitatig and t he latter (assum¬ 
ing tJiat the amount of itotassium cyanide was not too large) 
a brownish-])Iack precipitate, tln^ presence of stiver com¬ 
pounds in the siihstance is proved. 

{f) It any insoluble residue is loft from (f). it is thoroughly 204'. 
waslvcd with water, and, if white, is treati'd with a few 
drops of ammonium sulphide If this turns it black, lead 
sall‘i arc present. If, liowevcr, the i^^sidue is already black, 
it should be heated witli a concentrated, sliglitly acid 
solution of ammonium acetate,^ the liquid iiltcred, and the 

* This IS prepiiiftl l>y treating anuuonia solution, unrhiutod with water, 
with acetic acid until the li<{ui<l sliow's a faintly ai ul reaction (Chap. 111., 

No. 83). 


43 
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filtrate tested for lead ion ^ by means of sulphuric acid and 
hydrogen 8ul))liide. 

205. 1. (a) Lead sails are vot preseiil. The examination is continued at 

(206), 

(6) Tjcad sails are present. The substance is heated with a 
concentrated slightly acid solution of ammonium acetate i 
to about 70°, and the solution filteicd, this treatment being 
repeateduntil all the lead salt has been extracted (Chap. III., 
No. 83). A portion of this filtrate is tc.sted for sulphate ion 
with barium chloride, second and third portions for lead ion 
bv the addition of excess of sulphuric acid and of hydrogen 
sulphide resjiectively, and the remainder tested for 
chlorine ion by diluting it witli 20 jiarts of water (Cliap. HI., 
No. S3, last paragraph), acidifying it w'ith nitric acid, and 
adding a silver salt solution. Any residue left from the 
tre.atment with ammonium acetate is washed, and treated 
as in (206). 

206. 2. (a) Silver salts are not present. The analysis is continued at (207). 

(6) Silver sedts are present. The substance, which was tree from 
lead, or has been freed from lead by extraction with am¬ 
monium acetate solution, is repeatedly treated with potas¬ 
sium cyanide and water at .a gentle heat (or in the cold if 
stdphur is present), until all silver has di.ssolved and has 
been removed (Chap. III., No. 84). Any residue remaining 
is washed and treated as in (207), whilst the, solution is 
acidified with nitric acid, after aulficient dilution, in the 
open air or in. a fume cuphoard (Chap. III., No. 81). The 
resulting precipitate is filtered olf. When washed and fused 
with sodium carbonate in a hollow on charcoal before the 
blowpipe, it must yield metallic silver (Sec. 70,13). Whether 
the silver was originally in combination with a halogen, ami 
if so, with which, is determined as described in (214). Finally, 
ihe liquid filtered from the silver precipitate is tested with 
barium chloride for suljihate ion.'- 

207. 3. (a) Sulphur is not present. The examination is continued at 
(208). 


‘ The presence of load in silicate.s, e.ff. in load glass, cannot be detected in 
thifl way. 

* The potassium oarbonato frcfjuontly present in potassium cyanide inuy 
have caused complete or jiariial decomposition of any sulphates of ulkalinu 
earth metals present. 
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(h) Sulphur in present.. The suh.st.ance, which i.s free from silver 
and lead, is heated in a covered porcelain crucible i until all 
sulidiiir has been expelled, and the residue, if any, treated 
as in (208). 

4. A .somewhat lar<;e iiortion of tlie sii b.staue.i', which i.s free from 208. 
lend, silver, anil sulphur, is heated with two parts of soilium 
carbon.ale, two parts of po(a,s.sium carbonate, and one, part 
of ])otas,sinm nitrate 2 in a platinum erncible until the mixture 
i.s in a state of quiet fusion. The fused mass, which has been 
.separated from the e.rucihle (See. l.b, p. .tCi) (or it necessary the 
erncible and its contents), i.s placed in a beaher, the mas.s digested, 
and then heated with water, and the liquid liltered from the 
residue which is usually left, and the latter washed until b.armm 
chloride ceases to produce a |ireci|)it,ale in the, washing.s (('Inaji. 

Ilf., No. 8fi). (Only the lir.st washing water is allowed to run 
into the filtrate.) 

(u) The sohi/ioii thus ohidined contains the anions of the com- 209. 
()ounds pre.sent in the insoluble residue, and also, under 
certain conditions, those corresponding to the metals, the 
hydro.xides or oxides of which dissolve as anions in alkali 
hydroxide solution. The following lesis are applied to thia 
solution :— 

(a) A portion is acidified with hvdroehloric acid, anil tested 
for .'mlphute ion, by means of barium chloride. 

(/5) Another portion is acidilled with nitric acid, and te.sted 
with ammonium molybdate .solution for phosphate and 
arsenate, ions (Secs. 107, 10 and 90, 9). If a yellow 
precipitate is obtained, any arsenate ion present is 
detected and sc]iarated by acidifying a furtlier portion 
of the .solution with sul])huric acid, evaporating it to a 
small residue on the water bath, and introducing 
hydrogen sulphide, wdiilst the tiltrate from any jirecijii- 
tate produced is again tested for phosphate ion. 

(y) A jiortion of the original solution is te.sted tor jhiorine 
ion (Sec. 111. 7). 

‘ Sulphur wliich has rsoaped detection in (201) will bo detooted by this 

“ The addition of potassium nitrate* is also useful in tfie case of white powdor.s, 
because it inhibits the injurious inHuenco of any lead silieato ]*rcscnt upon the 
]>lii1inum erncible. In the case of black jiowders tlu* amount of potassium 
•utiak; should be pro]X)rtionateIy increased to burn the carbon u.s comjdetcly 

possible, but if chrome iron ore is present it is best k) omit potassium nitrate. 
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(8) If the solution is yellow, chronmie ion is present. This 
is confirmed by acidifying another port.ion with acetic 
acid, and adding lead acetate, 

210. (e) The remainder of the solution is acidified with hydro¬ 

chloric acid and evaporated to drynes.s, and the 
residue treated with hydrochloric acid and water. If 
a residue insoluble in boiling water is left, it is siUron 
iliii.n'dc {(■/., however, Chap. TII,, No. iS7). Tlie, 
hyilrocldoric acid solution is tested by the, usual 
methods for cations which, owing to their o.xidcs or 
hydro.xides dissolving in alkali hydroxides in a state 
of fusion, may be found here, especially for Ihi and 
nhiminium lotis. 

211 . (6) 77/c rm'due usvalli/ nhtamrd in (208) is heated wit.li liydni- 

cldoi'ic acid (eftervescence indicates the presence, ol car¬ 
bonates of alkaline e.arth metals) ; any insoluble residue 
should be treated as in (213), and the solution tested for 
cations as in Sec. 165 (un a rule it is .sullicient to ap|dy the 
tests in Idee. 171). 

If much .silnsm dioxide has been found in (210), it is 
advisable to cva.]ioratc. the solution of the residue to drynes.s, 
and to treat the, mass wdth hydroehlorii; acid and water. 
Ill order to remove the silicic acid left in the residue as 
completely as jmissiIiIc. With regard to alkali metal ions 
which niav be pre.sent in silicates, see, (212). 

212. 5. If it. has been found that the substanei' insoluble in acids contains 

a silicate, a separate jiortion thereof must be treated as in (228), 
to determine whether or not the silicate contains alkali metal 
ions. 

213. 6. If a residue is left on treating the substance insoluble in water 

obtained in (208) with hydrochloric acid, as in (211), it may be 
either separated silicon dioxide, an undecomposed portion of 
barium sulphate, or possibly stannic oxide which has reniainod 
undissolved; it may also be calcium fluoride, or, if it is of a 
dark colour, chrome iron ore, since both these comjiounds de- 
com))oae only wdth difficulty when treated as described in (208). 
We, may, therefore, recall the fact that stannic oxide may alwajs 
be detected as in See. 88, 17 or 92, 4, and that calcium fluoride 
is readily decomposed by sulphuric acid (See. Ill, 6). In the 
case of chrome iron ore, however, the decomposition may bo 
easily effected by fusing thejivriy jiowdered snb^Umce with about 



SEC. 179 DETECTION OF CATIONS, ETC. 677 

1 

an equal quantity of sodium peroxide, or by heating it at a 
clear red heat for 1.1 hours with about eight times its weight of a 
mixture of one part of jrotassium chlorate and three parts of 
soda lime. In eithercaso the fused ma.sswill contain the chromium 
in the form of alkali chromate, wliich can be extracted with 
water. 

If the residue contaiirs stannic oxide, in addition to chrome iron 
ore, the former will be left after either of the.se operations, 
jiartly a.s an alkali stannale in the aqueous extract of the fused 
mass, and jiartly as stannic chloride in the solution obtaiiii'd by 
tieating the iii.soluble residue from the aqueous extract with 
h^'drochloric acid. 

7 . If the lesidiie iii.soluble in acids contaiii.s silver (2Uli, h), tests have 214. 
still to be lumlo as to whether it was jiresent in tli(5 original sub- 
staiK'e as a compound insoluble in aeids, or whether it was 
converted by the tri'atment into chloride, bromide, iodide, or 
cya.uide ((lhap. III., No. S'!). 

To obtain as compleU* proof as jiossilile, a portion of tlie 
oji.i’jtial substance is c<)ni|)lelel> (“.xtracted with bmling water 
and then witli mtrie. acul, the residue waslied willi \saler. and 
a. small portion thereof tested for silver ion as in if silver 

ion IS (l<‘tiM'ted the anion with wliieli it is m eombniation is 
detected by treatinj,^ the ?•emallldor of tlie residue witli linely 
j-ramilated zinc and wat(*r (ioiitamin,!; a little sulphuric aci<l, 
with frequent slialcmy, and lilterinii the liipiid after some hours 
'I'lie soiutioii thus obtained may b(5 directly tested for chlorine, 
liromine, iodine, and cyanoyen ions as in *Sec. 125. Or the zinc 
ion may first bo precipitated with sodium carbonate, so as to 
have a solution containing the anions together with sodium ion. 



CHAPTER II. 

PRACTICAL METHODS FOR SPECIAL CASES. 

I. Special process for the examination of cyanides insoluble in 
water (especially of complex cyanides containing metals in 
the anion), and also of mixtures which contain such cyanides 
and are insoluble in water. 


Sec. 180. 

Since, in tho treatment, of cyanides (csi)ccially coin|jlcx cyankies). 
insoluble in walor, with acids, phenomena may be (jbservod which 
entirely differ from those a|)])earing with other substances, and 
which may easily lead to errors ; and since some of these comj)lex 
cyanides are only completely decomposed and dissolved by acids 
with diflicnlty, the following process should be used, if the ])re)iminary 
test (8,.(/(/ and ii) and the behaviour towards acids (y.'i, (/) point to the 
presence of these substances. 

(Jmcral iSui t <’//. 

The object of speoial treatment in this course is to detect, complex 
cyanogen ions containing metals (such as ferrocyanide, etc.) if f.hey 
are present, and especially to prevent the metals contained in them 
from being found among those present as cations. 

To attain this object, the substance (if neces.sary freed from sub¬ 
stances soluble in water) .should not be treated with acids, which 
destroy complex cyanides i with the evolution of hydrocyanic acid, 
but should be boiled with sodium hydroxide, and the cations remain 
iiig in the residue thus, for tho most part, scjiaratcd from the anions. 
In the case of many salts, possibly present in admixture, this separa¬ 
tion succeeds better if the .substance is boiled with sodium carhonuk 
instead of with sodium hydroxide. Tho latter is, therefore, added to 
the former. 

• 

' The decomposition with acid is frequently quite incomplete. New 
substances, also sjiaringly soluble in acid, are formed, which would offer further 
difficulties in the examination, as in fScc. 178. 
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The insoluble residue remaining alter this treatment generally 
contains most of the cations of the original substance in the form of 
hydroxides and carbonates. It should, therefore, be tested in the 
ordinary way, beginning with (.'37). 

iSince, however, many salts, such as ])lu)sphates and fluorides of 
tiie alkaline earth metals, are not doconij)o3ed with certainty and in 
any case not complef.ely, even when boded with sodium carbonate, a 
j>ortion of thi.s insoluble residue should, according to the result of the 
te.st for cations, if necc.s.sary be tested for anions as in Sec. 177. 
I'he solubility table (Appendix IV'.) should be used in deciding whether, 
and to what extent, this is necessary. 

'i’he alkdlint’ .solution <aui contain, in addition to tlie anions 
originally jiresent, which corrcs|)oiid to the actual acids, the anions 
of such metals the oxygen conipoiinds of which are electro-negative 
towards .sodium, so that the oxides or lydroxides dissolve iii sodium 
hydroxide solution ; that is to say, the iuoiuIkts of Group Vf |(standing 
on the border line of metals) ; further, anions containing lead, zinc, 
aliiininiuin, and also cojiiier and cobalt in small proportion, and (if 
organic substances which cause the formation of complex ions are 
pre.sent) also conijilex ions of other metals'. 

'I’hese metals, originally jiresent as cations, must (with the ex¬ 
ception of alnminmni) be removed from the alkaline solution before 
testing for anions. This is done by the addition of sodium sulphide, 
which jirecipitates the metals of Groujis IV'. and V., and in the filtrate 
by tlie addition of sulphuric acid, or (if no sodium sulphide pirecipitate 
is obtained, that is to say, no sodium siilpihide is pre.seut in the solu¬ 
tion) of aul]iliuric acid and hydrogen sulphide, by which means the 
members of 0rou[) IV. (pos.^ibly also mercury. Sec. 71, 4) arc scpiarated 
in the form of sul|)hido3. 

Both sulpihide precipitates are examined in the ordinary course, 
it being noted that the first contain,! the Groujis V. and IV'., and that 
these must theiefm'e first be separated in the nitric acid solution of 
the precipitate before the individual testa are made. 

After removing any members of Groups IV., V. and VI. which 
may be ]iresent, the alkaline solution is tested for anions according 
to Secs. 11.b and 176. Since, however, ui this course, the only complex 
cyanogen ions which need be taken into consideration are ferro- and 
ferricyanogen ions, the cobalticyanogcn ion, and also the comjjlex 
ions containing manganese and chromium w'ould be overlooked. A 
further jiortion of the alkaline solution is, therefore, decomposed by 
heating it with sulphuric acid, and tested lor the ions of the 
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abovo-niontionod metals, a.s also for that of aluminium (since this, too, 
may be present in the alkaline solution but not have been detected in 
the test.s already described). Since, among the compounds of comple-v 
cyanide,s insoluble in water some may be ju’esent which contain 
alkalis, as e.g. zme-potassium bu rocyanide, a separate [lortion should 
be tested for alkali met.'d ions after the comjilex cyanogen ion has been 
destroyed by heating it with concentrated sulphuric acid (171). 

This particular course is repro.sentod in the following table 
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therein, and a portion of it is boiled with strong potassium or 
sodium hydroxide .solution freshly prepared from solid alkali 
hydroxide; when it has boiled for a few minutes sodium 
carbonate is a<lded, the liquid boiled .again for some time, the 
residue (if any) filtered olT after dilution of the liquid with water, 
and then washed. 

(a) Tin: residue., which is now free from cyanogmi (it would only 216 . 
contain it if silver cyanide wore pre.sont), is treated in the 
ordinary way, beginning at (37). 

(h) 2'//e solution which, if conqilex cyanogen ions were present 
(ferrocyanogen ion, cobalticyanogcn ion, etc.), will contain 
them in addition to alkali metal ions, may also contain 
further anions which were separated from their bases when 
boiled with the sodium carbonate, and finally such metals 
in the form of anions, the oxides or hydro.xides of which are 
soluble in alkali liydro.xidc solution. 

(a) A small ]iortion is eurefiillif treated with hydrogen 
sulphide water.' 

{aa) No precipitate or ho jiermaiient precipitate is formed. 

This iiidic.lte.s the alnsence ot zinc and lead ions 
and of other metiils of the fourth or fifth group 
(which may have jiassed into the alkaline solution, 
pos.sibly through the action of oj'ganic substances), 
with the exception of mercury ion, which can 
remain in solution, owing t-o the jirodominating 
.strongly alkaline reaction, in addition to sulphide 
ion. The analysis is continued at (217). 
ibh) A permanent precipitate is funned. Sodium sul- 
jjhide is added, drop by drop, to a fairly large 
jiortion of the alkaline solution (210) so long as a 
precipitate is produced, but as far as possible a 
considerable excess should be avoided. After 
gentle heating, the preciiiitate is filtered off, the 
filtrate treated according to (217), whilst the 
washed jirecipitate is heated with dilute nitric 
acid, and any' residue examined as in (133) for 

' The addition of hydrogen sulphide water, or the introduction of hydrogen 
sulphide, until the lilpiid .smells of this rciigent (that i.s to say, until all the 
hydroxyl ion has been eonsuincd, and, apart from hydrogen sulphide ion, only 
•likuh ion I.S present in the solution) must, of course, he avoided ; otherwise any 
ahimumuu ion present, iiud as well, even suljihides of the sixth group, might 
he preeipiUited, which should not occur. 
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mercuric suljiliide and load sulphate. The nitric 
acid solution is examined for Groups V. and IV., 
either by treating it with hydrogen sulphide, 
filtering off any precipitate that may have been 
foriTicd, and testing it for Group V. according to 
(125), and testing the filtrate as in Sec. 170, 
especially (M2) to (149), for Grouji 1\'. ; or by 
first testing the original nitric acid .solution accord¬ 
ing to (126) for lead ion, and, in the event of a 
positive result, separating this according to (132). 

The solution,/me lead ion, mu.st now be 
te.sted with more hydrogen sulphide for further 
members of Group V., and, if necessary, these' must 
be separated before they can be (!Xiuuined in 
accordance with S<'c. 170. If, aft<‘r sejiaration of 
the lead ion a hydrogen sul|)liid(! ])rccij)itate is still 
formed, it should be tlltered off, and washed, and 
then re-dissolved in nitric acid, and tested accord¬ 
ing to (127) to (131). 

217 . (?) A small j)ortion of the alkaline liquid in which no 

precipitate was produced by hydrogen sulphide wat(r, 
or which was filtered off from that obtained by means 
of sodium sulphide, is treated with dilute sulphuric 
acid until the reaction is distinctly acid, and then with 
hydrogen sulphide, unless the liquid has a strong odour 
of that reagent. 

(aa) Apart from any separated sulphur, no precipitale. is 
fornu'.d. This indicates the absence of members 
of the sixth group, as well as of any mercury ion 
contained in this solution. The analysis is con¬ 
tinued at (218). 

(bh) A precipitale is formed. A fairly large portion of 
the liquid mentioned in (217) is treated in the 
same way a.s the sample, the resulting precijiitatc 
filtered off and washed, and tested for mercury ion 
and the members of the sixth group a.s in Sec. 166 
or 167. The filtrate is then examined, accord¬ 
ing to (218). 

(y) The liquid, free or freed from metals which are pre¬ 
cipitated by sodium sulphide or hydrogen sulphide, 
should now be tested on the one hand for anions. 


218 . 
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especially cyanogen ion and complex cyanogen ions, 
and on the other hand for any metals present in such 
complex cyanogen ions (iron, cobalt. mangan(‘.se, 
chromium) as also for aluminium ion. The following 
process is used 

{aa) Portions of th(‘ liquid are used for t(‘sting for 
anions as in Secs. 173 and 17() 'J’lie acidiUed 
solution should not be boile<l for the rmnoval of 
carbon dioxide or hydrogen sulpliide (because the 
coiujilex cyanogen ions would be ilocoinposed), 
but these gases should be removed by a rajiid 
current of air. It is, in fact, advisable not to 
spend too much time on exact mmtralisation, but 
to make the tests for the individual anions as 
ra]>idly as possible, if tlie liquid was already 
acidifi(‘d with sulpliuric^ arid, the tests for anions 
must Im* made immediately as uLlierwi.se any ferro- 
or ferrihydrocyanje acid would be decomposed. 
1'o start witli.the a(‘idifi(‘d solution is tested with 
h'rrie. chlorkle lor ferroc} anogen ion and with 
ierroiis siilpliale for ferricyaiiogen ion.' If the 
hipiid contains hydrogen sulphide, the latter test 
is. of course, omitted, since ferric liydrogen <5yanide 
is converted by hydrogen sulphkle into ferrous 
liydrogen cyanide, (’obalticyanogen i<tii may be 
reeugnised by the fact that it forms with nickel 
salts a greenish, and with manganese and zinc 
salts white prec-ipitates, the cA>balt cDntaincd in 
which nua/ he rccog)ii.<;cd oh with borax. 

(hb) A further jiortion of the licjuid mentioned in (218) 
is evaporated almost to dryness (if necessary after 
acidification with dilute sulphuric a(ad), a little 
pure concentrated sulphuric acid adiied. and the 
liquid heated in a fume cupboard until the greater 
portion of the free sulphuric acid has escaped. 
The residue is dissolved in water, and a little 
hydrochloric acid, and tested for iron, manganese, 
cobalt, chromium, and aluminium ions according 

' It should he notc*(1 here that ferrioyanogeii iou originally ]>rcsoiit may bo 
converted into ferrocyauogen ion, not only by liydrogi-n .suipliide, but also by 
other yubstauoes which have a redueiag action, c.g. ferrous compounds : 

Fe(CNr'«4-Fc • = Fe(CNr"e-t-Fe-’-. 
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to Sec. 170 (141). Tlie detection of the last is only 
tiustworthy, even in the case of a positive reaction, 
if the potassium or sodinm hydroxide solution 
used in (21.5) was free from aluminate, that is to 
say, freshly prepared. 

219 . If metal .sulphides had to he precipitated from 

it, and a test for suljihatc ion and ferricyanogen ion 
in (218, an) was therefore impracticable, further 
jKirtions of the liquid mentioned in (216) arc tested 
for .sul))hate ion, afti'r the addition of hydrochloric 
acid (any lead |)resent having been jirecipitated 
by the introduction of carbon dio.xide), by ineans 
of barium chloride, or, afti'r the addition of nitric 
acid, by means of barium nitrate, and for ferri¬ 
cyanogen ion t by means of ferrous suljihate, with 
the subsequent addition of hydrochloric acid. If 
ferricyanogen ion is found here, a samjile of the 
original alkaline solution (216) must also be tested 
ior ferrocyanogen ion by means of ferric chloride 
and the sub.sequent addition of hydrochloric acid, 
because that found in (218) may possibly have 
been formed only on the rednetioii of the fern- 
cyanogen ion 

2, A further sample of the original substance insoluble in water is 

decompo.sed by continuous lieating with pure concentrated 
sulphuric acid, and the residue tested for alkali metal ions (172) 
after the separation of all other cations. 

3. A further portion of the original substance exhausted with water 

is treated with hydrochloric acid ; if a gas is evolved the test 
for carbon dioxide should be made according to Sec. 114, 4. 


n. Analysis o! Silicates. 

Sec. 181. 

220 . Whether a substance under examination is a silicate or contains 
a silicate is often determined by the origin of the substance in ques¬ 
tion, but may also often be inferred from the preliminaiy test with 
alkali phosphate (20), or from the behaviour of the substance towards 
acids (.33) and (38). 


VJ. Motes I and 2 on p. U80 
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Tlic examination of*the silicates differs essentially from the ordi¬ 
nary course only in the preparatory treatment to which it is subjected 
in order to separate the silicate ion from the cations and to obtain the 
latt(‘r in solution. All the silicates are divided into two classes, 
wliic-h fact must be sharply emj>hasiaed here, because it necessitates 
a different ctnirse of procedure. To the first class belonj^ the silicates 
v\lii(di are ensily doctcnnposed by ac.ids (]iy<lrochIoric, nitric, and 
sulpluiric acids), to tlie sc'cond those whic.h are not <lecumj)os(Ml, or 
nnl}^ with difficulty, by acids. Many minerals are coin[)osed of the 
two kinds of silicates. 

In order to determine the class to wliic.li a certain silicate belongs, 
it is vciy finely jiowflered, and a portion of it treated with hydro- 
ctiloric. acid at a tempenitiire near boilinjr-point. If the silicate is 
ni)t d(HH)mposed by tin' acid, an attempt should be made to decompose 
;i. second })ortion by heatini' it for some time w'it li a mixture of tlirec 
jiarts of pure concentratc'd sulphuric acid and one ])art of w'ater. If 
this alst) leaves tlie silicate undecompos(‘d,it belonj^s to the seconddivi- 
si<m. Whetlusr or not decoinposithm was <‘ffe<rted by the acids may bo 
uailiered from the appearance, since a coloured solution is almost 
always produced, and from tln^ fact that a de]K)sit ol gelatinous, floccu- 
Icnt, or tine pulverulent silicic acid tak<‘H tin* jilace of the orii^inal heavy 
]iowder, which usually crackles wlnni stirred w'lth a jjla.s.s rod. To 
determine w'hot-her the decom])osition wais <-oinplcte, or if it only 
affected part of the miiK'rals, the ]necipitate<l silicon dioxide is 
boiled wdtb a solution of .sodium carlionate, after wasliin^j;. If it 
<bssi>lves c^ompletely, the decomposition is (‘umplete, otherwise it 
is onlv partially comph'te. Tlu'se preliminary tests afford a means 
of deciding whether the silicate sJiould IxUavated according to Secs. 
182. 183, or 181. 

Before ap])lying fuithor tests a portion of the silicate should be 
examined, to ascertain whether water is ^iresent, by heating it in a 
(juite dry glass tube If the siilistancc contains hygroscoj)ic moisture, 
it must first bo dri<‘d continuously at 100^^. Tlic portion being tesbsd, 
wiiicli is heated gently at first. Ls limdly ignited vigorously ])y means 
of a gas burner provided with a chimney, and thus may 1)0 associated 
with a preliminary test for ffuorine ion (8ec. Ill, ff). 
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A. SiLiciATES Decomposed by Acids. 

Sec. 182. 

(a) By hydrochloric or nitric aculA 

221 . 1. Tlie .silicate, finely ground in an agate mortar, is stirred with a 
litl.le. water until it forms a uniform paste, a moderate, excess of 
concentrated hydrochloric (o.r nitric) acid added, and the. mixture 
heated at a temperature near hoiling-poiut (most conveniently 
on the. water bath) until completely decomjiosed. A small 
jiortion of the liquid is filtered," the remainder, together with the 
silicon dioxide distributed in it, evaporated to dryness, the 
residue heated with continuous stirring at a temperature of or 
only slightly exceeding 100°, until hydrochloric, or nitric, acid 
vapours cea.se or almost cease to escape, allowed to cool, and 
then moistened with hydrochloric or nitric acid, after which a 
little water i.s added, and the whole heated for some time. 

By this means silicon dioxide is separated, whilst the cations 
arc dissolved as chlorides or nitrates. 'I'he solid ion is filtered, the 
residue well washed, and the .solution examined in the ordinary 
way for cations beginning with Sec. 164, II., p. 609, or 111. The 
residual silicon dio.xirle can never he coiisiilered pure without 
being examined. It often contains some titanium dioxide, 
occasionally a little barium sulphate, po.ssibly strontium sul¬ 
phate, and not infrcipiently a little aluminium hydroxide. It 
is best tested by repeated heating in a platinum dish with 
hydrofluoric acid and sulphuric acid until all the silicon dioxide has 
Iiecn removed as silicon fluoride, h'inally, the re.sidue is ignited, 
fused with potassium hydrogen sulphate, and the fused mass 
treated with cold water. If an insoluble residue, lemains, it is 
filtered off, and tested according to 8ec. 179 for barium suljihate 
(and strontium sidphato). The dilute aqueous solution is then 
tested for titanic acid •* by means of continuous boiling, or with 
^ A'itric acid i.s i>rofuraljlo to tiydroehlonc acid, if silver or lead compounds 
are prosi-nt. 

Any arsenioua or arsenito ion present would volatilise if evaporated with 
hydrochloric acid. 

> When tho silicon dioxide has been separated by evaporation on the water 
bath, only part of tho titanium dioxide will be found in it, the other [lart (often 
tho greater) is dissolved in the hydroehlorie acid solution and precipitated froni 
it, together with the aluminium and ferric ions, by tho addition of ammonia 
solution. To separate this portion, the dried precipitate is fused with potassium 
hydrogen sulphate, the finsod mass dissolved in cold watm (tested with hydrogen 
peroxiile), filtered, if necessary, and considerably diluted ; hydrogen sulphide 
is then introdiieeil until all the terrio ion is reconverted into ferrous ion, and tho 
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hydrogen peroxide* (Sec. 52, 2 and 9), and the liquid (which 
either remained clear or was filtered) tested for aluminium ion 
by means of ammonia, fif tliere is the possibility that silver 
chloride separated with the silicon <lioxide, a portion slumld bo 
treated with ainmonin, solution and filtered, and f-he filtrate 
treated with an excess of nitric a(^id.) 

2, Since other anions often occur in silieiites, es])ecially those which 
are decom])o.se(l by hydroclilorh; acid, the following points should 
be noted, and the tests ap])lied, in order that tlie)^ may not be 
overlooked :— 

(a) ((trhoiiafrs and oft(‘n sidpiKides may be recognised when 222. 
treated with hydrociiloric acid ; otherwise a test for them 
should be made a< cording to iSec,. 124, 8 or 9. 

(^) Tf the separated siluam dioxide is black, becoming white 
wlu'n ignitcil in tlie air. carbon or ormniic avhstanccs are 
indieat(‘d. If the latter are jiresent, tlie silicates diffuse 
an einpyrc'iimatic odour when heated in a glass tube 
(y) fhe portion of the liydrochloric aeitl solution filtered off 
before <‘vaporation is tested fur siilphab'. ])hosphate, 
arsenite and arsenate ions ; bir the first by means of barium 
chloride after dilution with water, for the arsenic ions by 
the introdu(;tion of hydrogen sulphide, first in the cold and 
th(‘n at 70“ (Sec. 92, 18), and for phosphate ion by means 
of molybdate solution, after tlie hydroehloric acid solution 
lias been (‘vaporated almost to dryiu'ss on tlie water bath, 
with the addition of nitric acid, the residue heated with 
nitric aci<l and the solution filtc'red. Jf arsenic ions were 
]iresent, tlie liquid filtered from tlie arsiuiic sulpliidc can be 
used in testing for pliospliato ion. 

(8) Boraic ion is best detected by fusing a tiortion of the substance 228 . 
wdtli sodium-potassium carbonate in a jilatinum spoon or 
crucible, boiling the mass with water, and testing the solu¬ 
tion (acidified with hydroehlc»ric. acid) with turmeric ])a])er, 
according to See. 109, 5. 

(€) Chlorides may be extraeb'd from many silicates simply by 
boiling with water, and detected in the filtrate by means 

liquid boiled for an hour (without filtering off the .sulphur), a continuous current 
of carbon dioxule being iiicuriwliilo passed through it. I'he ]»recipitalo is filtered 
off, washcd,and ignited, wherchy the separated sul])liur burns away and titanium 
dioxi(h> rcinaiiiM. If it still eontains iron, it should In* redissolved by fusion 
with jnitasHium hydrogen siiljihaU* and treatment of the fused mass with cold 
water, and precipitated by l)oiling with sodium thiosulphate. 
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<)£ silver nitrate solution ; the luosu oertain inetliod, how¬ 
ever, is to prepare a solution of the mineral in dilute nitri(^ 
acid, and to test this with silver nitrate, solution. 

(^) Fluondfs, which frequently occur in silicates, sometimes in 
small, sometimes in fairly laree ipiantities, arc detected by 
the methods eiven in Sec. Ill, 7. 

224. 3. If the silicates contain iron, as is ^eni'rally the case, they must he 

examined to determine, whether it is present in the divalent or 
trivalont condition, or in both stages of vahmey. For this 
purpose a ])ortiou of tin' finely ground substance is heated (as 
far as possible with the exclusion of air i) with moderately 
concentrated hydrochloric acid, and the lii|iiid diluted, flltered 
and tested with (lotassium ferncvaiiide and with potassium 
thiocyanate (Sec. 61, 1(1, and 62, 1(1). 

(h) Silicates decomposed hij concentrated sulphuric acid hut not hi/ 
hydrochloric acid. 

225. The very fine powder is heated with a mi.xtiire of three parts of 
pure concentrated sulphuric acid and one part of water (preferably 
in a platiimm dish), the great,m portion of the siiljiliiiric acid linally 
evaporated, the residue heated with hydrochloric, .arid, diluted and 
filtcreil, and the solution dealt with according to See, 165 ; the residue, 
which, a|)art from the se]iaraled silicon dioxide, may coiil.ain sulphates 
of the alkaline earth metals, is then dealt with as de,scribed in 
Sec. 182, 1, for a residue in.soliible in acids. Tf such silicates .are to 
be tested for anions, a separate portion should be ticatod ai-cordiiig 
to Sec. 183. 


B. Silicates not ])ncoMro.SED iiy Aciiis.- 


Suc. 183. 

226. Since these silicates arc most easily decomjiosed by fusion with 
sodium potassium carbonate, no test for alkali metals can, of course, 

I That i.s to say, in a liotling lla.sk, (iiroayh which .a current of caihon (IhcvKlc 
is pa.sscd, or by niLxing a little .sodium oarboiiate or sodium hydrogen carbonate 
with the powder, and treating it with a .siillieieiit exees.s of hydrochloric acid in 
a boiling flask. 

* This refers to tho.se silicates ivhieh are not decomposed wheui heated with 
hydrochloric acid and sulphuric acid in open vi'.ssets (see See. 181). If they .are 
heated, however, in the finely powdered condition at 2(iU'^-210” with a niixture 
of throe parts of jiure coneentratod sulphuric acid and one pixrt of water, or with 
hydrochloric acid in ii glass tube closed by fusion, most of them aredeeompo.sed, 
and can thus be analysed by this midhod (Al. Mitsclicrlieh). 
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be made in portions of the substance thus treated. The whole 
examination may, therefore, be divided into two main divisions, tlie 
first consisting of the detection of silicate ion and all cations, with 
the exception of alkali metals, and tin; second of that of alkali iiuital 
ions only, A few further tests are jiecessary to determine the 
pre.sencc or absence of any other anions. 

1. Detection of silicate ion and of all cations with the exception of the 
•ions of the alkali nieluls 

The very fine powder is mixed with four parts of sodium potassium 227. 
carbonate, and the mixture fused in a platinnm crucible over a gas 
lairiji until the mass is in a quiet state of fusion. The fused mass is 
removed from file crucible, if po.ssible, in the manner described in 
iSee. 58, p, 2U3. If this is successful, the, mass is ground up and a 
portion reserved for the test for anions (230), 'The jiortion which is 
to be te.sted for cations, or the whole crucible with the fused mass, 
is covered with water in a jiorcelain dish, heated for some time until 
the fused mass breaks u[i (if a jiortion of the fused mass has not 
jireviously been removed, jiart of the aqueous solution, together 
uith portions of the mass, is decanted for the jiurjiose of tc'stiiig for 
anions), hydrochloric acid added (if iieces.sary also to the residue), 
and the wJiole hi'uted until the mass, with the exception of the silicic 
acid, which sejiarate.s in llaki's, is dissolved. If necessary, the crucible 
is taken out of the dish, the contents evaporated to dryness, and the 
residue treated exactly as in the case of that obtained in (221). 

2. Detexitiim of alkali metal ions. 

For thi.s jiurjiose the silicate must be decoinjiosed with the aid 228. 
of a sub.staiice free from alkali, llydrolluoric acid is the must 
suitable, but the same result may be obtained by heating the 
substance with ammoniuni chloride and calcium carbonate. 

(a) Decomposition by aipicous hydrojluonc acid. 'The finely 
jiowdcred substance is stirred with water in a jilatinum dish until it 
forms a thin paste, hydrochloric acid and aqueous hydrofluoric acid 
added, and the mixture heated on the water bath v bile being .stirred 
from time to time with platinum wii'e (carefully and in the open, in 
order to avoid breathing or coming into contact with the vapour) 
until the siheate is dissolved. Dilute sulphmic acid is then added, 
and the whole evaporated, finally over a naked flame, until the 
hydrochloric acid, silicohydrofluoric acid, and hydrofluoric acid have 

U 
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completely escaped, and only a small portifm of the sulphuric acid 
remains. When cool, the mixture is diluted with water, heated to 
boilinf; point, barium chloride added in slight excess, and then milk 
of lime, until the reaction is alkaline. After again being boiled the 
liquid is filtered, treated with ajnmonium carbonate, and a little 
ammonia, so long as a precij)itate is formed, filtered after an hour, 
and tested for potassium and sodium as described in the case of the 
corresponding filtrate in (170) ; it should be tested for lithium, 
cicsium. and rubidiun ions as in Sec. 32, j). 1.32, 

229. (h) Dccoiiijmsition with calcium carixniale mid mmntmiwn chloride 
One jiart of the finely ground powder is mixcil with one part of 
ammonium chloride and eight parts of calcium carbonate, the mi.xture 
heated, at first moderately, then more stronglv, in a platinum 
crucible, the residue from the ignition treateil with hot water, the 
liquid liltored. the filtrate treated with ammonium carbonate 
and ammonia solution, and the examination continued as in («) 
(J. L. Smith, ZeiUcIi anal, ('hem., 11, 85). 

3. Ikl rhoii o] Jliwrinc, chlonue, borate, jihonphule. arscmle, arsenate, 
and sulphate unis. 

230. The. jiortion of the fused mass reserved m (227) or its aqueous 
solution is used, the former being boiled with w'ater and, in either 
ca.se, the solution, which contains all the anions in solution (in¬ 
cluding at all events part of the phosphate ion) filtered, and the 
filtrate tested .as follows : - 

(a) A small portion is acidified with nitric acid, and tested for 
chlorvne xon by means of silver nitrate. 

(b) A second [lortion is tested for borate xon according to iSec. 
109, 5. 

(c) A third Jiortion i.s treated as in Bee. Ill, 8, for the detection 
of fluoriiu ion. 

{d.) The remainder is acidified with hydrochloric acid, a small 
portion testeil for sulphate ion by means of barium chloride, and the 
rest tested, first in the cold and then at 70“ for arsenic ions, by means 
of hydrogen suljihide (Bee. 92, 13). If no jirecijiitate is produced, 
the liquid is immediately evajiorated almost to dryness ; otherwise 
after filtration, with the addition of nitric acid, the residue treated 
with nitric acid and water, and the solution tested for phosphate 
ion by means of a solution of ammonium molybdate in nitric acid 
(Sec. 107, 10). 
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C. SlLrCATES PARTLY DECOMPOSED BY AciDS. 

Sec. 184. 

The {greater mimbor ol minerals oeeurring in nature consist of 231 . 
ini.xinn's of several silicates, one of wliii’li is often decomposable by 
acids, th(^ other not. If these had to be li’eati'd in the same way as 
tho.se conipletelj' insoluble, all the clcTuents would be found which 
are contained in the mineral, but no further infonnalion as to the 
actual com])osition of the mineral would be obtained. 

It i.s, therefore, advisable to c.xamine separately those ])ortions 
of thi^ mixture which .show a different behaviour toward.s acids. 

For thi.s purpose, the very finely pow'dereal mineral is treated with 
moderately concentrated hy'drochloric acid for .some time, at a gentle 
heat, [tart of the solution filtei-ed, (he greater part of th»^ remainder 
evaporated to dryness with there.sidne, the mass heated .at a tempera¬ 
ture of. or only .slightly exceeding, with continual st irring, until 
111 tie, if any', hydrochloric acid vapour.s escape, the cooled residue 
moistened with hydrochloric acid, heated with water, and the liquid 
filtered. 

This solution, whieh coiitaina the cations of tho.se constituents 
decomposable by hy'drochloric acid, is e.x'amined according to (2lfl), 
the first filtrate according to (dl’li, y), portions of th<“ original substance 
according to {'222,a and f}), and for other acids, and also according 
to (221) for the degree of valency' in which any' iron found is present. 

The residue, which contains the undeconiposable portioius of the 
mi.x'ture, m addition to the silicon dioxide se|iarat('d from the decom¬ 
posed .silicate, is boiled with excess of a solution of sodium carbonate, 
tiltered w'liilc hot, and the precipitate washed first with a hot solution 
of sodium carbonate, and tlien thoroughly' wit h boiling water. The 
still undecomposed constituents, wdiich have thus been freed from 
the .sejiarated silicon dioxide, are next treated as in Sec. 183. The 
alkaline h(|Uid, however, is acidified with hy'drocliloric acid, evapo¬ 
rated to dryness, the residue treated with hydrochloric acid and 
water, the silicon dioxide filtered oil, the filtrate rendered alkaline 
with ammonia and heated. If a precipitate is formed, tliis, as afso 
the separated .silicon dioxide, should be tested for titanium dioxide 
as in (221). If there is no reason for separately' precipitating the 
silicon dioxide of the portion decomposed by acids, the tedious 
treatment with sodium carbonate may be dispensed with, and the 
residue containing the former be directly decomposed by fusion. 
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»■ 

111. Analysis of Natukal Watf.rs. 

Sec. 185. 

282. The examination of natural waters by analytical methods is 
simpler, because the substances and compounds which arc generally 
to be found in them are known. Although, strictly speaking, the true 
nature of a water is jndicated only by means of quantitative analysi.s, 
in that the main differences between waters lie in the different 
])roportions of their individual constituents, yet qualitative analysis 
may frequently be (tf great value, especially when it is noted whether 
a reagent causes a faint or a strong turbidity, or produces a slight or a 
voluminous precipitate, since by this means an approximate estima¬ 
tion of the quantitative proportions of the, constituents becomes 
pus.sible. We confine ourselves in the following directions to the 
actual (jiialitative chemical analy.sis, and refrain from giving any 
jiarticulars regarding bacteriological examinations or quantitative 
tests. With regard to the latter, reference may be made to It. 
Frc^cnius’ Avlcititvg zur quantilciliicn clicmiscJii'n Analyse, where 
more information is given concerning the im]iortaii<;e of qualitative 
reactions in combination with quantitative tests. 

In the following sections the e.xamination of ordinary water 
(spring, well, brook, river water, etc.) is distinguished from that of 
mineral water.s (among which sea-water may be included), because 
the analytical examination of the former is very much simpler than 
that of mineral water, since far fewer sub.stances have to be taken 
into consideration. 

A. Examination of Ordinary Water (SriuNO, Well. Brook, 
River Water, etc.). 

Sec. 180. 

283. Experience has .shown that the following arc the substances which 
have to be taken into consideration in the exaiuiiiation of ordinary 
water •— 

(a) Cations: Calcium, magnesium, sodium, potassium, am¬ 
monium, ferrous ion, manganous ion (possibly derived from the 
supply pipes ; lead ion. copper ion, zinc ion). 

(h) Anions: iSulphate, carbonate, chlorine, silicate, nitrate, 
nitrite, phosphate, and sulphide ions. 

(c) Organic substances. 

{d) Suspended substances, clay, etc.. 
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This does not mean that no other substances can be present in 
fresh water ; many siich are, indeed, to be found, as may be inferred 
from the origin of springs and proved by analytical examination.^ 
They are present, linwevcr, in s\ich small quantities that, if litres 
and not hundreds of litres arc bejng dealt with, they will probably 
not be detected at all, Tlie nadliod for their detection is, therefore, 
omitted licre, and in regard to them, as also to the oxygen and 
nitrogen always present in fresh water, refereji(X‘ should be nuide to 
the respective chapters in R. Freseriius’ Anleitimg zur quanlitdliven 
chcinifichcn .d 


I. The water under examination h clear A- 
1. One hire of water (‘,olIected in a clean vessel (or two litres of 234. 
water poor in dissolved substance's) is aeadilied with hydrochloric 
aci<l. a huge c'xcess being avoided. It Jiiay occasionally be 
imticed here that bubbles of carbon ilioxiele esca])e, which 
originate' from hvelrogen carbonate ion or carliemate ion present 
tn the water. The acidjlied wateu' is evaporated to drym^ss 
m a poreehun dish, the re'maining re'sidue agnin moistened 
with hydrocldorio aciel, anel heatcel with cemtinuenis stirring at 
a temjierature not, or oidy slightly, exet'eding 100 ’, preferably 
on the^ water bath, until scare;ely any ode)ur <d‘ hydroehloric 
acid is notie-*eaJ)Io. It is allowe'd to (U)ol, moiste’iied with strong 
hvelnjchlorie^ acid, subsequently tre-ated with a little water, 
and the wliole Ju'ated and filtered tlirougli a small lilter. The 
iiisoliibh! portion must be', well waslieel, since*, uneler certain 
conditions, it may contain much c.ale mm sulphate, whiedi dis¬ 
solves with great dilhcuUy. Jt is advisaiih' tei moisten it again 
em the filter paper witli hydroeiilorie* acid of sp. gr. Id2, and 
them to wasli it with me»re boiling wate'r. If silicon dioxide 

‘ Chiilin (./. d. [duinn.rl Vhun , 3r<l Son., 27, 118) fo\in4 iodine in all frosh- 
water pi,mis, but rould not tr.ui* it in land plants; <‘ons.(|ijeiitly tin- water m 
juers. brooks, ponds, etc., must eont.iin tran-s of ludiiK- ion. even though 
extreiiioly luinuU*. According to Marchand (t icvd., 31, 4i).‘)). all natural 

waters contain iodine*, bromine, and lithium ions. \’an Ankum found iodine 
ion III nearly all drinking waU-rs in Holland. Jt migiit be said with tlio same 
('•itainty that all or most n.atural waters contain the ions of strontium, barium, 
lliiorino, etc. 

- Samples of eh-ar whaler often hecomc turhid il kept for some time, because 
ferrous ion and manganous mu so[»aratc as h'lru* bydi oxide and manganese 
dioxulo hydrate, owing to the* oxielising action of atmospheric oxygen, and 
further, hecause c,dcuini curhouatc may separate ill crystalline form,owing to 
the dceornixisition of hydrogen carhonate ion. Samples of water should, 
th(*rcfore, he i‘.\iimini*d as soon as ^mssiblo after being collected. 
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now remains on the filter paper (confirmatory test: fumes of 
hydrofluoric acid), the water contains .silicic acid. 

235. The filtrate is added to the first washings (the later washings 

being thrown away). The licjuid (about 150 c.c.) i.s now used 
for the following tests :—• 

(a) About 10 c.c. are shaken in a tc.st-tube (rinsed with hydro¬ 
chloric acid fi'ec from iron) with a few drops of a 3 pet cent, 
hydrogen peroxide solution and tested for ferric ion by 
means of potassium thiocyanate.^ It should be noted 
that a positive result of the reaction only loads to the con¬ 
clusion that iron ions are present in the water, but does not 
determine their degree of valency. As a rule, it may be 
assumed that in water which does not show an acid re¬ 
action toward.H methyl orange, iron can only be present 
from the beginning as frrroiix ion. 
iP) About 20 c.c. arc tested for sulphale ion by means of barium 
chloride. 

I y) About 50 c.c. are evaporateil with nitric acid until a few 
c.c. remain, and tested with molybdate solution for phonpliaU' 
ion (Sec. 107, 10). It is best to allow the water to stand 
with the reagent for 21 hours at the ordinary temperature. 
(8) The remainder is treated with ammonium chloride, rendered 
alkaline with amnioiiia solution, and filtered from any 
lirecijiitate produced. The filtrate is treated with am¬ 
monium oxalate, and allowed to stand for some time in a 
warm place. A jirecijiitate indicates calciiiin ojalnh'. 
This is filtered off, and the licpiid tested as follows :— 

{(III) A small portion of the filtrate is tested for i/ui;inc.siiiiii. 
ion by means of ammonia .solntion and sodium 
ammonium hydrogen jihosphate.“ 

(hb) The remainder of the filtrate is evaporated to drynes.s 
and ignited, any iiiagnesiitm ion |iresent separated 
according to(17f)),and tests applted according to (171) 
for potassium and sodium ions. 

^ If the test for ferric ion is to be deinsive, it i.s tiecess.ary to lie ocitaiii tint 
the water fia.s not been nontaniinated during evaporation by impurities siieli 
as dust, etc., which may contain iron. It is be.st to evaporate a separate portion 
of the water in a retort or a fiask with the adliitioii of a few drops of pure iiyiti’o- 
chloric acid and one drop ot nitiie acid, until only a small residue is left, and to 
test this, as soon a.s cool, with (lotassiuin thiocyanate. 

^ Very small quantities of magne.siiim ion are detected with certainty if. 
before the test, the ammonium salts are volatilised, the residue dissolved lu 
dilute hydrochloric acid, the solution treated with ammonia solution, and 
sodium ammonium hydrogen phosphate added. 
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2. A fresh sample of water (about 50 c.c.) is treated with nitric acid, 236. 
and silver nitrate added. A white precipitate or turbidity 
indicates chlorine ion. 

:i. In testing for nilrale ion, one of the reaction-s mentioned in Sec. 

130, 7 to 12, may be used. The mo.st suitable reaction is that 
described in 10, applied by carefully mi.King the solution of 
diphenylamine in concfuitrated sulphuric acid with a little 
(about Volume) of distilled water. an<l pouring on to it the 
water, previously treated with a few drops of sodium chloride 
solution, [n the presence of nitrate ion a <leep blue ring is 
formed. In the jiresence of nitrite ion (,s('e 1) the above- 
mentioned reactions (exoe|)t under (sulam c(j?i<litions, Sec. 130, 

II) are not decisive by thein.selve.s as to (he presence of nitrate 
ion, since nitrites give the same reactions In this case the zinc 
iodide starch reaction rlo.scribed in I is ajiplied firstly at once, 
and then after the reduction of the water (acidilied with sul¬ 
phuric acid) by means of zinc (Si’c. 130, 11) If, in the, latter 
case, a stronger blue coloration appears than in the former, the 
pre.seiice of nitrate ion is [iroved (<;/) also YAihcli. mini. Client., 

I'.i, .380). 

1. I'Vesh sainjiles of water are tested for nitrile ion according to Sec. 

126, either by means of the sulphaiiilic aciil-a-naplithylamine 
reagent or with zinc iodide starch solution. In the latter case, 
a sample of the water (about 50 c.c ) is t reated with about one c.c. 
of dilute sul)ihnric acid and about one c c. of |)otas.sium iodide 
or zinc iodide starch solution (c/i p. 181'). It a blue coloration 
appears at once or after a .short time, a com 2 iarativcly large 
quantity of nitrate ion is present; if the coloration only appears 
after long standing, the amount of nitrile ion present is small. 
Access of daylight, and especially of direct sunlight, should be 
avoided, as this may cause a blue coloration to ajipear even 
when no nitrite ion is present. Kor the sake of certainty, it is 
always well to make a blank test with the same reagents and a 
sample of water quite free from nitrite ion. To increase the 
sensitiveness of the reaction, or when substances are present 
which influence a direct test in the manner described (for 
instance, in the case of drinking water hydrated manganese 
dioxide may have such an effect, since under certain conditions 
when rinsed from defiosits in the sujiply pijies it may be con¬ 
tained in the water in a fine state of division), a fairly large 
portion of the water (acidified with a little acetic acid) is 
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distilled and the first fractions of the distillate submitted to the 
test described (c/. Sec. 126, 2). The test for nitrite ion sliould 
always be applied to quite fresh samples of water. Samples 
which have been k<'])t for some time may sometimes show a 
|Hisitive reaction, even when nitrite io7i was not an original <ain- 
.stitiient of the water ; in such ca.ses it mav have been prodne.ed 
subsecpicntly by the action of l)acteria on tlie nitrate ion. 

237. 5. In testing for (immoniiim ion a fre.sh sample of water (about 300 o.c.) 

is treated in a glass cylinder, in a ])lace. tree, from ammonia 
vapours, with two c.c. of a .saturated aqueous solut ion of sodium 
carbonate and one c c. of a .solution of sodium hydroxide (one 
part sodinin hydroxide and two ]iai'ts distilled water), the 
cylinder clo.sed with a glass stopper, sliaken, and allowed to 
stand, fine hundred c e. of the cle.ar liquid is deciinteil or 
filtered (through .a washed filter) into another cylinder, and 
one c.c. of Ne,s.sler’s re,agent added (Sec .30, 10). If a yellow 
coloration, or, on the addition of one more c c. of Nessler's 
reagent, perliai)s even a reddish-brown turbidity a])])ears. the 
presence of more or less ammonium ion in the water is theiebr- 
indicated. (See also Sec. .30, 10, 11, and 12, |). 128 H unj.) 

238. 6. .Another samjile of the freshly collected water is hberally l.reat('(l 

with lime water. If a precipitate is formed which, .after it has 
.sulwidcd in a closed flask and the siqiernatant liquid has be(m 
decanted, (iffervesces on treatment with hydrochloric acid, free 
anhoii dioxide or lii/drogeti carbonate inn, or both, are [iresent. 
If free carbon dioxide is [iresent, no pernianent [irecipitate is 
obtained when a fairly large quant.ity of the water is treated 
with only a little lime, water (because in this case sobdile calcium 
carbonate is formed). 

The behaviour of the, water towards methyl orange and 
[ihenol[ihthalcin also affords a means of determining whether 
hydrogen carbonate ion or free carbon dio.xide is present. 
Sam]ile.s of the water are treated with small quantities of the 
above-mentioned indicators. If th(7 water shows an alkaline 
reaction towairds methyl orange, and an acid re,acti(m towards 
phenoljihthalein, it contains free, carbon dioxide, together with 
hydrogen carbonate ion ; if it show.s an alkaline reaction towarcks 
both indicators, it contains carbonate ion or hydrogen carbonate 
ion, but no free carbon dioxide; if it shows an acid reaction to¬ 
wards both indicators, it cannot contain hydrogen carbonate ion, 
but must contain a free acid which is stronger than carbonic acid. 
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7. Tn testing water for imnganous -ion, about 100 c.c. are treated with 239. 
nitric acid and a sliglit excess of silver nitrate, and also with 
five c.c. of G per cent, animoniuin jx'rsulphatc solution, and, 
without the silver (chloride being liJtered off, heated for a (piarter 
of an hour until it gently boils fn the ])re.sence of jiianganous 
ion, a red coloration of ])orinanganate i(jn is produced, an<l also, 
when large quantkh's of manga,nous ion an^ present, a per¬ 
manent deposit of hydrated manganese dioxide, wliich is stable 
even when boiled (Se(!. 08 , 7). 

8 In order that any lead, zinc, or copper ion present may not be 
overlooked (these maybe present owing to tlie use of zinc, lead, 
or (iopper suf>ply ]>ipeM), one to two litres of the water are acidi¬ 
fied with hydrochloric acid, protected from impurities,! and 
eommtrati'd to about l()() e.e., [ireferably in a retort with a 
tnbiiliire. Uk! open delivery tulx' of which is iindined upwards 
at a-n angle; the liquid is iiltered, if necessary, and treated with 
hydrogen sul[dijde. Since som(‘ of the haul ion present may also 
I><‘ found in any [)reci[)itate wliicli has be(‘n filtered off, the latter 
sljouhl be heated with a solution of ammonium acetate, the 
li([uid filtered, and the filtrate tested for h'ad ion by m( 3 an 3 of 
hydrogen .sulphide. 

if. on treating the Gr.st solution with hydrogen sulphide, a 
black precipitate is obtained, it should bo examined according 
to Sec. 1G8 for lead and copper ions. 

'flu; liquid filtered from sm;h black pr<*ei]utate, or in which 
no sucli precipitate was formed, is boiled until all the hydrogen 
sul[)hide is ex[)(‘lled, boiled again after th<^ addition of a little 
nitrte. acid, treated when cool with an excess of ammonia, 
filtered from any ]>recipitatc (ferih^ hydroxide, etc.) which 
may have formed, and the filtrate treated with ammonium 
suljihide. If a white [u-eeipitate is f<»rmed, it indicates the 
prc'sence of zinc ion. 

b In ti'sting for orf/anic s(A}sf<r)icrs, it is sullicient in the qualitative 240 , 
examination (d water if, as a rule, 2 IM) <; c. are evaporated to 
dryness, and the residue heatial at a gradually increasing tem¬ 
perature. Organic suhstances may then be detected by the 
brown or black coloration. If the liquid was not too strongly 
heated, carlion dioxide, wliich still has an empyrcumatic odour, 

IS as a rule evolved when the residue, which generally contains 

‘ Such impmifie'^ may boyaiiiscd by the use of brass humors or copper 
water baths. 
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carlxinates, is treated with dilute hydrochloric acid. To obtain 
decisive rostdts from this teat, the evaporation and heating must 
ho carried out in a glas.s flask or a retort.^ 

10. SiihxtcticCs u'hick cmil an odour (putrifying organic substances) 
are licst detected when a flask is two-thirds filled wdth water, 
clo.sed with the hand, shaken, and the odour noted ; if the odour 
is that of /i//diiHini nu/ji/iidr. a test should be made according to 
The, presence of other organic sub.stanccs which have 
an odour may bo recognised by adding a little copper sulj)hatc 
to the water befon' noting the odour. 

241. 11. About .900 e.c. arc evaporated until a (juite .small rc.sidue is hdt 
and the reaction of the li(piid tested. If it is alhdine and a droji 
of the concentrated, clear, fdtered solution ellervesces wdicii 
nii.Kcd on a clock-glass with a drop of acid, and if, on the cautious 
addition of calcium chloride to the alkaline .solution, calcium 
carbonate is preeijiitated, the water is “ alkaline ” (iii the 
narrower sense of the term), i.c. the concentration e(|iuvalen( 
of the hydrogen carbonate or carbonate ion is greater than that 
of the alkaline eart h ions. 

t rvijovi. 

'tfcll. The wilier wider ejeniiiuahoii f.v Inrbiil. 

'w 

242 1 ^ laruc 'dass H't' water, stoppered, and allowed 

to stand in tli [' fbe cold until the water becomes 

clear • and the cli[‘”^’' waiter is drawn off liy means of a syjihon 
and tested as in *’■ •’ 

2, In testing for ammotmiu"' C- nitrate ion (1., 5), nitrite ion 

I., 4), organic substaii,"''« with .an odour (1., 10), and lead, zme, 
and copjier ions (1.. .sam[)lcs of the turbid water are 

used and in'tests for iiiti^t*' the distillation method or the 
use of sulphadvlic acid-a-nd>l'l>thylaniine reagent is generally 
most suilalile ii/l the purjiose. \ 

3. If the siibfitances which render the rioter turbid are to be detected, 

the dejuK^it which sabsides durinf^pla'rification of the water in 
the flask (, I) ia filtered off, and the Veei[)itate remaining on the 
filter examiJoefl, As this may consist Vf the finest sediment of 
various niini^als, it is first treated with ciilute hydrochloric acid ; 
the portion ^isoluble in the acid is, however, e.'camined as 

1 With regard to a more exact test for organic aubstaiiccs, see It. Frcseniiis, 

Anleitung zur quajititati^n Aiialyse. h 
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described in the c'lse of silicates (Secs. 181 ct seq.)A It should 
be noted that in the case; of not quite fresh samples of water, 
ferrous, manganous, and plios[)]iatc ions may already have 
separated in a flocculent form. Tliey will not «l)e detected by 
the metliod described in If., 1. but should Ix' looked for in the 
hydrochloric acid extract of the deposit. 

B. BxAMixA'iiox ot' MivKUAt Waters. 

.Sec. 187. 

In the examination of mineral waters the number of constituents 24 
which have to lx* taken into coiisKhwation is considerably increased, 
and the following ar<‘ those to whi('h the test should, as a rule, be 
{“.\tend(‘d :— 

Tlie ions of ruiniOnm. hfhintn. hirvon, (<tro7itiuni, 

ahtDtiuhivt, as also horalc, titmudr. bronnix'. and Jluoune nmfi. 

Iiijdroqvn sulphide {ihiosidphute ion. fbruiole ion. profnotiute ion. (‘tc., 
nifrofjeu. oxij<ien. tmthune).- Further, tlu^ “ozedike ferruginous 
deposit or solid inci'iistalious separated from sjuangs, and also the 
re.ddue from th(‘ evaporation of large (piantities of water, sliould be 
examined for ursemie and ursetioie ■urns, as well as for t!ic ions of 
(D/l/uio/ijf, copper, b ud. zine. colxdt. vor/v/, and otlier heavy metals, 
sidlicient care Ix'ing taken in testing wlietluu' these are actually 
dfuuvcd from the water and not from metal pip(‘S, taps, eivA The 
greatest car(‘ sliould also be taken m testing th(‘ reagents \^■llich are 
to bi‘ used in such delic.atc ex'amiiiations. 

1. Examination of the Water. 

(u) Opendions at the spnn<i. 

Sec. 188. 

J. Tlie water is filtered at the spring (if it is not already absolutely 244 
(d(‘ar) through washed filter paper (p. 88) into large flasks 
closed with glass stop]>ers. The pn-eipilate remaining on the 

' With regard to (hr more ox.ict examination, srr' Jl. Fivsenins, Anleiinmj 
znr ([uoiddalivni chcinischt n Awd’jsr. 

With regard to the eonstifuents given in hracket.s, roforence should ho 
made to the corresponding chapters m R. Freseiiiiis, Ayd' Utuiq zur (piantilaliven 
rhcmischcn Aiudyf^e, situa* deieetioii ami rpiantitative determination are usually 
eomhined. 

® in this ro3]>oct, as in fact in regard to the whole analysis of mineral waters, 
see the numerous analyses of mineral waters piihli.shcd by the Fre.scnius’ Chemical 
Laboratory. 
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filter, and which, apart from fiocculent matter suspended in the 
water, may iiossibly contain constituents which separate at 
once on contact with air (ferric hydroxide, ferric phosphate, 
ferric silicate, ferric arsenate), is examined for these substance,s 
as described below in iSec. UK). 

245.2. The water need scarcely bn tested for /rcc ciirlion dioxide’, as its 

presence may l)e seen witli the naked eye. It ac.tual reactions 
are retpiired, however, the water may first be tested with 
solutions of methyl oraiiye and phenolplithalein, cf. (238), and 
then with lime water; the latter produces a t.nrliidity which .should 
diaajjpear o)i the addition of an excess of the mirteral wat<'r. 

246.3. A teat for /rcc h/drogen sidpLido and hydrogen xidp/iide'. ion ' is 

then made by noting the odour. Kor this i)urpose a flask is 
half-filled with iiiineral water, closed wif.h the hand, shaken, 
and the odour noted. ]n this way distinct traces are often found 
which can hardly be d(!teeted by reagents. If visible reactions 
are required, an alkaline lead solution or, if a voluminous white, 
precipitate is thereby formed, an aqueous solution of cupric 
chloride, is introduced drop by drop jnto the large whib; flask 
filled with the mineral water, the flask [ilaced on a white surface 
and, when viewed from above, note taken whether the water 
assumes a brownish coloration or gives a blackish preciintate. 
Another sensitive test, which depends (jii l,li<! forTuation of 
methylene, blue, is as follows ; The wafer under examination 
is treated with 7.a volume of fuming hydrochhjric acid, a few 
crystals of [lara-aminodimethylaniline, sulphate added, and, as 
soon as this has dissolved, one to two dro[is of a dilute ferric 
chloride solution introduced. In the j)reaence of hydrogen 
sulphide the liquid (which would otherwise be light red) beeonu's 
pure blue after some time (H. Caro, R. Fischer) (see Sec. 124, C). 

If the ])resencc of hydrogen suljihide in an alkaline mineral 
water cannot be detected unmistakably by its odour, the fol¬ 
lowing test should be ajiplied : .V large, flask, half filled with the, 
water, is closed by means of a cork, to the middle of which a 
strip of paper soaked in lead acetate, solution and then moistened 
with ammonium carbonate solution is attached, and note taken 
whether this turns brown in the course of several hours. The 
flask should be shaken slightly from time to time. 

^ A (jiuilitativo analytical separation of the two constituonts is not possible ; 
it can only be caleulatod on the basis of the cquilibrhnn botwoon the fro*' hytlrogt-n 
8uiphlclc, hydrogen sulphide ion, free carbon dioxide, ami hytlregen carbonate 
ion. Cf. Fr. Auerbach, Zeilsch. 'plnjHikal. (Jhvm.y 49, 27, (IHM) 
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4. A fairly large baraplA of the min(!ral water is treated with a little 
tannic acid, and another portion with a little gallic acid. If a 
reddish-violet coloration aj)pear8 in the forji\ei case, and a 
hluish-violot in tlie latter, /fTroa.s' ion is present. The colorations 
only ap[)oar after some time, and, owing to the action of air, 
darken from th<' top of the liquid downwards. The water should 
Ik‘ t(‘sted for h'rric; ion, whieh i.s occasionally present, hy means 
of potassium thiocyanate, after tlie addition of hydrochloric acid. 

Tests for /ritrifc ion and organic substances iv/nch haic an odour are 24r 
made according to (230) and (21U). Jf the water contains 
hydrogen sulphide, tins should be removed, before testing for 
nitrite ion, by the addition of a little freshly precipitated and 
Avashed lead carbonate, and tlic liquid iiltered. 

(b) Opcrahons in the lahoratoi ij. 

Sko. 189. 

Since, in (pialitatwe exiviuinations. it is (lesiral)le to form an 
estimate of the proportions in wiiich the individual constituents are 
jiiesent in tin* \\ii,t<T, a small jxn'lion of the sainjde i.s u.so<l to detect 
tJie main ingn'dients. and as lar as jiracticablc to detiTinine their 
pro[)ortioiis, arul consequently tli<‘ cliaraeter of the water; a larger 
]iortion is used fm* the (b'tectioii of the ingi‘e<lients in small quantity, 
and linally a, considerahle voham' (or the merustations) used for the 
det<‘ctioii of ex(;eedjng]y small quantities. 

If the water under (‘xnniination does not flow (dear Irom the 
spring, it must be filtered immediatel)' it is collected, since the 
suspended substances do not liave to be taken into (s»nsidcration in 
the analysis of water. If such a lilt (Ted samph^ becomes turbid 
again before the examination can be commencod, tJiesf'- later dejiosits 
should not 1)0 removed. TIk^}' sliould. Jis far as ])ossil)Ie, be distri¬ 
buted, by .^baking, tliroiighout the water before the separate portions 
arc ni(‘asured oil' for th(^ dilferenl. tests. Jii suidi a case it is still 
bettiT to use the whole contents of thci flask. 

1. Method of detecting the Constituents present in Large 
Quantity. 

(tt) One to 1'5 iitri'S of mineral water arc u(;idiliod with Iiydrochloric 249. 
acid, evaporated, and tested as in (234) and (235) for silicic acid, 
sidphtlG ion, calcium ion, magnesium ton. potassium ion. and 
soddum ion. 
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(5) Other portions of the water are tested as in (236) for chlorine and 
niirale ions. In this particular instance any subsequent tur¬ 
bidities should be filtered off. Further, the water should be 
tested for its alkalinity in the restricted sense as in (241). 

(c) The tests for umnamimn ion and organic svbi^loMrs are. made by 
means of the metbods described in See. 186. If, for any par¬ 
ticular reason, the water is not suitable for a direct test for 
ammonium ion according to (237), it should !>(■ di.stillo<i with the 
addition of a little freshly boiled potassium or sodium byilroxide 
solution, and the distillate tested. It may be again jjomted out 
here 'that the ammonium reaction does not take place with 
Ne.s3ler’s reagent if the liijuid contains free carbon dioxide, 
hydrogen carbonates, or sulphides of the alkali metals [rf. ]). i2'J), 

2. Method of detecting the Non-volatile Constituents present in 
Small Quantity. 

250. R liortion of the water (at least 10 litres) is evajioraled to dryness 
in a jilatinum, .siK^er, or jiorcelain dish in a place as free as ]ios.sible 
from dust and uniler the cleanest conditions. If the water is not 
“alkaline” in the restricted sense (241), pure jiotassiuni earbonate 
is added until it is slightly m e.xcess. The evaporation may at lirst 
be carried out over a free ga.s flame, but finally a sand bath should 
be used. The dry mass is very gently ignited. If it is in a platinum 
or silver di.sli, the ignition can be completed in them. If, on the other 
hand, it is in a porcelain dish, the contents should be transferred 
into a platinum or silver dish, and then gently ignited. If the mas,s 
becomes black on ignition, this is an indication that organic substances 
were prc.sent in the water.i 

The residue thus obtained is evenly mixeti and divided into three 
parts, a, b and c, e consisting of half, and a and b each of a quarter 
of the quantity. 

251. {«) 2 V.sY for 'phosplidlc ion. TIk; ]jortion a is licutf'd witii u bttli! 

water, pure Ji^'drochloric aoid addod in sullicuuit (‘.xeoss. the 
wJiole cva|K)rutf‘d to drynoss on the wuter haih, the residue 
again lieaiod with acid, and, after slight dilution, the iKpiid 
filtered through a filter pajier washed witli hydroeidorie acid 
and water ; the solution is evaporated (finally witli tlie repeated 

^ This conduaion is only eoiicct if tlie water was elTtfUively proteoted from 
ilust during evaporation ; if this was not the ease, and it is desirefl to dcteriiiino 
the presenotj (tf organic substances witii certainty, a separate ])ortioii of the watei 
should be evaporated in a retort. 
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addition of nitric fvcid) to a small residue, and then tested for 
])hofip!i(ite, ion by means of a nitric acid solution of ammonium 
molybdate (Sec. 107, 10). 

(h) I'cal for Jhwrine. ion. The poi'tion h is heated with water, calcium 252 = 
chloii<le added so long as a preci|)itate is formed, the liquid 
allowed to .stand, and the jirecipitato, which consists maiidy of 
calcium carbonate and magnesium carbon,ate, fdtered off. 
When washed and dried it is ignited, treated in a small dish 
with water, ac(!tic acid added in slight exces.s, the whole evapo¬ 
rated to drynes.s on the water bath, heated until all odour of 
acetic acid has disap]ieared, and, after tlm .'Khlitioii cjf water, 
again heated ; the .solution of the alk.dinc ca.th metals is filtered, 
and the residue washed, dried, or ignited and tested tor Jltiorim 
ion as in 8cc. Ill, 7. 

(c) Trrl.f fir the rnimi ninij conslitiienti prt’rnil rn .inirill ipiniitilij. The 253 . 
portion c is repe.atcdly boiled with water, the. liquid filtered, and 
the insoluble iiortion washed with boiling water. There will 
remain a residue, (a) and a solution (/f). 

(a) The rrriiliic consists mainly of calcium and m.agnesium 
i-arbonates. silicon dioxide, and (in iron springs) ferric 
livdro.xide. It may also contain small ((iiantities of barium, 
strontium, and manganous carbonates, aluminium hydroxide, 
and titanium dioxide, and must tberefo’-e In' tested for 
these. It i.s treated w’itli water in a |ilatimim or porcelain 
di.sh, hydrochloric acid added unlil it is slightly in e.xcess, 
then four to five, drops of dilute sulphuric acid, the mixture 
evapor.ated to dryness on the water bath and the residue 
moistened by the addition of only a slight excess of hydro¬ 
chloric acid ; water is then added, the whole gently heated, 
filtered, and the residue rvashed. 

(aa) E.cainivntion of the rc.iiduc iiiioluhle m lii/drocfiloric 
acid. This residue, will consist mainly of silicon 
dio.xiile, but it may also contain sulphates of the alkaline 
earth metals, titanium ilio.Mile, and carbon. It is 
repeatedly heated in a platinum dish with hydrofluoric 
acid, or ammonium lliioride, w'it.h the addition of a 
little suljilmric acid, until all tlii' silicon dioxide, has 
volatilised. It is finally evaporated to dryne3.s, any 
residue, fused with a little potassium hydrogen sulphate, 
the fused mass treated with cold water, the liquid 
filtered, and the solution tested lor titanic acid b)’ 
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means of hydrogen peroxide, «r by continued boiling 
(See. 54, 9 and 2). If an insoluble residue remained 
on treating the fused mass with water, it should bo 
washed, and tlie filter jiaper incinerated. If a sjjcctro- 
soope is available, the asli should be attached to a 
loop 01 platinum wire, exposed for a short time to the 
reduction flame, moistened with liydrochloric acid, 
and tested spectro.sc()picaIly for hiiriiini. ion ; strontium 
ion will not be found here, or only in small trace.s. If 
a sj)Cctroscopc is not available, the ash should be put 
aside for a while. 

255 . {bh) Exanunation of ihr hi/drochlorie ocid sohilion. The 

solution is treated with a litfle ammonium chloride in 
a boiling flask, then with sufficient ammonia solution 
(free from carbonate) to render the liquid just alkaline, 
and finally with freshly prepared ammonium 8ulphid(' 
containing no free ammonia. The flask, filled to the 
neck, is corked and allowed to stand in a wairni placi' 
for 21 hours. If a precipitate is formed, it should be 
fdtered off, di.ssolved in hydrochloric acid, the solution 
boiled, treated with an e.xccss of |iota8.sium hydroxide 
solution Iri^e from aluminati', again boiled, (iltered 
and half of the filtrate tested for aluminium ion' b\' 
the addition of ammonium chloride, whikst the second 
half is tested for zinc ion by the addition of a liltle 
hydrogen sulphide water. A portion of the reshlue 
is fused with sodium carbonate for the purpose of 
testing for mongarmun ion, the remainder then testisl 
for ferric ion by dissolving it in hydrochloric acid. 
^ boiling the solution with a little nitric acid, and 
treating the cooled and diluted liquid with potassiiini 
thiocyanate or potassium ferrocyanide. 

If the examination of the precijiitate obtained by 
meansof ammonium3ulphideistoe.xtcnd only to zinc ion 
and manganous ion, it is preferable, in the presence of 
much ferric ion, to oxidise the solution of the precipitate 
in hydrochloric acid by boiling it with nitric acid, to 
precipitate the ferric ion as a basic salt according to 

' In teating for aluminium ion, the conclusion that it was present in the 
water is only justified when the evaporation of the water, etc,, was carried out 
in a dish made of platinum or silver, but not of porcelain, and when it has been 
proved that it was not derived from the reagents used. 
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Sec. 03, 3, h, to treat the filtrate with sodium acetate, 
to acidify it wibJi acetii^ acid, and to precipitate any 
zinc ion by moans of hydrogen sulphide; the filtrate 
is then tested for manganous ion by meahs of bromine 
and ammonia (cf. tSe<;. 03, 4, y). 

The li([uid filtered from the ammonium sulphide 
precipitate may still contain tniC(*H of manganous ion 
and liarium ion ; all or nearly all the. strontium ion 
will also be found iii it. This li(pii<l is first acidified 
with hydroclilorie acid, tlum e.omHmtrated by evajiora- 
tion, the s(^parated sulphur filtered oil’, bromine water 
added, until a deep yellow coloration apjiears, then a 
slight excess of ammonia added, and the whole boiled 
for some time. If a slight brown pri'cipitate separates, 
it will I>e due to traces of manganous ion, which have 
not been ]irec,ij>itated by the ammonium su!}>hide. If 
nec.(‘ssary, the li(|uid is filtered, the filtrate treated 
with ammonium carbonate and ammonia, filtered after 
standing for some time, and (he, precipitate, waslicd, 
dried, and tested by Engclbaidi's method desf^ribed on 
p. 158. TIi( 5 li(piid obtained by boiling the ignited 
precipitate is eva])orated to dryiu'ss with hydrochloric 
acid, and the residing spectroscopically examined for 
sironlium ion and any traces of bnnum ion jircscnt. 

If a spectroscope is not available', the iifjuid obtained 
by boiling tin; ignited ])recipjtatc with water is evapo¬ 
rated to dryness, after tfie addition of a little, liydro- 
chloric acid, the residue dissolved in water, and the 
solution added to that obtained i>y fusing the residual 
ash reserved in (254) with a little sodium carbonate, 
treating tlie fus('.d mas.s with water, washing and dis¬ 
solving the, residue in hydrochloru’ acid, evaporating 
the solution to di^iK'ss, and dissolving the residue in 
water. The combiiH'd solutions ar<5 tJien tested for 
Inarium and strontium ions according to (lfi3). 

{p) TJie alkaline solution contains tlie alkali ions and generally 256 . 
some magnesium ion and traces of eali^ium ion. It should 
now be tested for mtrate^^ borate, iodine, bromine, and lithium 

^ The nitrate ion may have been (lt\stroyo<l dnnitg the gcntli; ignition of 
‘^ho residue (250) if this contaiiieil oiganie subst-ancos. Jt there is a possibility 
>f this being the casiy and no nitrate j<)n was detreled in (240), a larger portion 
>1 tho non-jgnited residue should be tested as in (257). 
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257 . 


ions. It is concentrated by evaporation, cooled, the disli 
inclined so that the small residue of alkali solution still 
present sejiarates from the crystallised saline mass, one 
drop'of the concentrated solution placed on a clock-glass 
by means of a glass rod, the liquid rendered just acid with 
hydrochloric acid, and tested with turmeric paper for 
borate ion (Sec. 10!), 5). The whole contents of the dish arc 
now evaporated, with continuous stirring, fo a dry powder, 
which is divided into two parts, aa and hh. Of these aa 
should consist of two-thirds, and hh of one-third. 

(au) The larger jiortion is tested for nitrate, iodine, and 
bromine ion. The powder is tlnely ground, boiled 
three times in a flask, heated in a water bath, with pure 
80 per cent, (by weight) alcohol, and the solution 
liltcred each time. The alcoholic e.xtract is treated 
with a few drops of jiotassium hydroxide solution, the 
alcohol distilled to a small residue, and allowed to cool. 
Any small ory.stals which separate may consist of 
potassium nitrate : the liquid is decanted from them, 
the crystals washed with a little alcohol, and dissolved 
in a very little water, and the solution tested for 
nitrate ion by means of diphenylamine, brucine, or 
indigo (8ec, I.'IO). The alcoholic solution is now com¬ 
pletely cvajioratcd to dryness. If nitrate ion has not. 
yet been found, a small portion of the residue is dis- 
.solved in a quite small quantity of water, and this 
solution used for the test. The larger portion of the 
residue (or the whole of it) is treated three times with 
warm alcohol, the extracts filtered, the filtrate evapo¬ 
rated to dryness, with the addition of one. dro|) of 
potassium hydroxide solution, and the re.sidue ignited, 
and dissolved in a very little water. The solution is 
.slightly acidified with sulphuric acid, and a little. ]iui'c 
carbon bisul]ihidc added ; finally, for the detection of 
iodine ion, a small drop of a solution of nitrous acid in 
sulphuric acid, or a very small quantity of ]iotaBsiuni 
nitrite solution is added. After the mixture has been 
shaken, and note taken whether the carbon bisulphide 
gives a violet or a reddish coloration, which indicates 
the presence of iodine, the liquid is tested for bromine 
ion by the cautious addition of chlorine water to the 
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same liquid, according to the method described in 
Sec. 195, 7. 

(hb) The smaller portion is tested for lilhiuni ion. For this 25t 
purpose the residue, whiidi must contain any lithium 
jwesent in the form of carbonat(‘. or phosphate, is heated 
with water, hydrochloric acid added until the reaction 
is dhstinctly acid, and tlie liquid (evaporated nearly to 
dryness and mixed witli pure, 80 per cent, (by weight) 
alcohol; in this piajccss the greater ])ortion of the 
sodium and jjotassiiini eoinpounds separate, whilst 
the whole of tlie litliinm ion ]ia.sses into the alcoholic 
solution. 'I'he solution i.s filtered, the alcohol evapo¬ 
rated, and tiie residue spectroscopically examined for 
lithium (iSce. 39, Ilf., 7). 

It a spectro.scopo is not available, the re.sidue just 
mentioned is di.ssolvcd in water with the addition of a 
drop of hydrochloric acid, a little feriic chloride added, 
and sullicient milk of lime to give a strongly alkaline 
reaction ; the solution is boileil and filtered, the filtrate 
treated with aiiiinoimini carbonate and filtered, and the 
li(piid, now free from p}io.sphate ion and the ions of the 
alkaline earth metals, evaiiorated to dryness, the residue 
gently ignited until ammoniiini salts have escaped, 
and then, after the addition of a drop of hydrochloric 
acid, treated with a mixture of absolute alcohol and 
anhydrous ether. The solution is filtered, concentrated 
by evaporation, and finally the alcohol ignited. If it 
burns with a canniiie red flame, lithium ion is present. 

As a coiifiriiiatory test, tJie substance is converted into 
lithium plios|ihato. Before concluding that the residue 
(left on evajiorating the liquid with sodium phosphate 
and a little,sodium hydroxide, and treating the residue 
with water and aiiinionia) is lithium jihospliate, tests 
should be made to prove whether it also shows the 
characteristic properties of that compound (Sec. 32, 

III., I). 

3. Detection of Constituents present in exceedingly Small Quantity. 

About 100 to 150 litres of water are evaporated by degrees in a 259. 

porcelain dish, or in a large abrolutely clean iron basin, until the 
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salts soluble in water begin to separate. If tke mineral water is not 
alkaline in the restricted sense (241), sufficient alkali carbonate is 
first added to render the reaction towards phcnolphthalein distinctly 
alkaline. After evaporation, the solution is filtered, the precipitate 
washed, without adding the last washings to the first fdtrate, and the 
examination continued as follows :— 

(a) The jtrmipilalc is e.xamined in the manner described in Sec. 100 
for incrustations. 

(h) The solution is treated with hydrochloric acid until the reaction 
is acid, heated, any arsenite or arsenal.e ion present precipitated 
by means of hydrogen sulphide (202), any .sulphate ion preseni, 
just precipitated with barium chloride ; the solution is then 
filtered, the filtrate evaporated to dryness, the residue digested 
with 80 per cent, (by weight) alcohol, and the solution tested for 
CiBsium ion and rubidium ion as in Sec. 132, last paragraj)h. 
The residue insoluble in alcohol is dissolved in water, and 
the hot concentrated solution treated with a very slight excess 
of ammonia. If a |jreci]iitate is formed, it should be filtered off. 
The hot solution, filtered if not still clear, which contains but 
little free ammonia, is treated with potassium iodide ; if a 
precipitate is formed at once or after some time, it is filtered olf, 
and 3pectrosco])ically examined for thallium ion (Sec. 05, 14). 

2. Examination of Inckustations. 

Sec. 190. 

200 1- A large quantity (about 50 to 200 grms.) of the ferruginous deposit 
or incrustation (from which impurities have been picked, sifted, 
or elutriated, and adsorbed soluble salts have been washed) is 
digested with water and hydrochloric acid at a ipiite moderate 
heat (efiervescence indicates carbonate ion) until all soluble 
matter has dissolved ; it is then diluted, allowed to cool, filtered, 
and the residue washed. 

(a) Examination of the filtrate. 

(a) A portion of the filtrate is well diluted, the greater portion 
of the free acid neutralised with ammonia, and the still abso¬ 
lutely clear liquid treated with barium chloride, and allowed 
to stand for 12 hours in a warm jilace. A white jirecipitate 
indicates .•adpkale iron. 

261 . iP) larger portion of the filtrate is heated at 70°, hydrogen 

sulphide introduced continuously into the liquid, oven while 
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it is cooling, rfnd the flask allowed to stand in a fairly warm 
place until only a faint odour of hydrogen sulphide remains ; 
the liquid is then poured through a filter and .set aside for 
testing as in (264). If tlic precipitate contains a fairly 
cousidei'iible quantity of sulphur, as is the case if the 
■solution contained much ferric ion, it is thoroughly washed 
hy decantation, tlie wasliings being ]>assed through the ^ 
filter, and triturated with water while still moist. The 
dough-like mass is washed into a boiling fla.sk, [letroleuni 
spirit added, the mi.’cture well and continuously shaken, 
the liijuid transferred as far as possible into a second flask, 
and the .still undissolved resiilue again shaken with petro¬ 
leum .spirit and w'ater, until the sul]>hur is completely, or 
almost comjiletely, removed. If an insoluble residue is left, 
which may indii-ate the ]ire.senee of sulphides, the whole of 
the liquid.s sliould be pa.s.seil through a moistened filter, on 
to which the jirecipitate is also transferred, the water then 
allowed to drain off, the jietroleiim spirii. decanted from the 
metal sulphides adhering to the filter, and the moist filter 
jiaper spread out in a small porcelain dish, anil treated 
according to (262). 

If llir precipilak' produced by hijilrnyen sulphide conkdns 
hid Mile sulphur, treatment with jietroleuin spirit is un¬ 
necessary. 'The filter [taper containing the well-washed 
precipitate is laid in the porcelain dish as it is. 

The contents of the filter are heated with a little sodium 262. 
suljihide solution, diluted, filtered, and the residue washed 
with water containing a little sodium sul|)hidc. The 
solution thus obtained is rendered distinctl}" acid with 
hydrochloric, acid, and shaken vigorously with petroleum 
spirit. If an insoluble residue is left, it is filtered off on a 
moistened filter jiaper, the aqueous .solution allowed to 
drain oil, the [letroleum spirit decanted, the preeijiitato 
adhering to the filter paper washeil, the filter [lajier spread 
out first on alnsorbcnt pajier and f.hen in a ]>orcelain dish, 
and tests made for the members of the sixth group, 
especially for arsenic and (mlnminij ions, according to 
Sec. 92, 2 or by one of the other met.hods given in Sec. 92. 

If a residue remained after treating the hydrogen sul- 263. 
phide precipitate with sodium sulphide, it is separated from 
the filter by means of a jet, after washing, and boiled with 
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a small quantity of dilute nitric aciil. If a residue is left, 
it is filtered off, washed, and the contents of the filter 
repeatedly treated with a hot solution of ammonium 
acetate, in order that any lead sulphate present may not 
be overlooked. This filtrate is then tested for lead ion by 
means of hydroi,'en sulphide, whilst the contents of the filter, 
if there were any, arc tested for barium and strontium ions 
as on p. 158. 'J'he nitric acid solution i.s treated with pure 
.sulphuric acid, evaporated to drynes.s on the water bath, 
and te.sted as in (1116) for Ic.ad ion, cu|)ric ion, and any other 
metal ions of the fifth group possibly present. 

264 . A portion of the filtrate from the hydrogen sulphide 

precipitate is evajiorated almost to dryness on the water 
bath, with the addition of excess of nitric acid, the residue 
treated with nitric acid and water, the liquid filtered, anil 
the filtrate tested for phosphate ion by meams of ammonium 
molybdate solution. 

The remainder of the filtrate from the hydrogen sulphide 
precipitate is heated with nitric acid until the ferrous ion, 
which is nearly always pre.sent, and often in considerable 
quantity, has been converted into ferric ion, and the ex¬ 
amination continued as iu(<m) or (bb). according to whether 
the solution contains little or much ferric ion. 

(«rt) The solution contains but little ferric ion. The solution 
is treated with ammonia in slight exce.ss, filtered, the 
precipitate washed, dissolved in hydrochloric acid, the 
solution boiled, allowed to cool, again treated with a 
small excess of ammonia, and once more filtered. 

(aa) The precipitate is dried, powdered, ignited con¬ 
tinuously and sufficiently strongly in a current of 
hydrogen in a little boat introduced into a glass 
tube, until the ferric oxide present is coiiverteil 
into metallic iron ; it is then allowed to cool 
conijih'tcly in the current of hydrogen, and the 
residue treated with dilute nitric acid until the 
iron pre.sent is dissolved. If a residue is still 
left, it is washed and then fused with potassium 
hydrogen sulphate, the fused ma.ss treated with 
cold water, the silicon dioxide (which invariably 
remains) filtered off, and a small portion of the 
filtrate tested with hydrogen peroxide for titanic 
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acidf If this acid is present the remainder is 
boiled continuously to separate the titanium 
dioxide (Sec. .92, 2). The solution filtered from 
the silicon dioxide or from the njctatitanio acid 
is tested for alumixium ion by heating it with a 
moderate e.xce.ss of aniinonia. If the resulting 
preeijiitate is not white hut hl'ownish-red, that 
is to say, still contains ferric hydroxide, it should 
be filtered olT and washed, and tlien dissolved in 
hydrochloric acid, the solution heated with an 
excess of potassium hydroxide solution free from 
aluminate, filtered after dilution, and the filtrate 
tested for aluminium ion by heating it with am¬ 
monium chloride, or by acidifying it with hydro¬ 
chloric acid, and adding ammonia. 

(/3;8) The solution, is acidified with acetic acid, treated 
with ammonium acet.ate, and then heated with 
gaseous hydrogen sulphide'. If a pure white 
precipitate is formed, which doi's not dis.solvc when 
shaki'ii with jietroleuiu spirit, the presence of 
zinc ion is indicated ; if. on the other hand, a 
black or blackish precipitate is formed, it should 
be, tested for cobnil, nickel, and zinc ions as in (142). 

.’I I (I n/f It nous ion. (almost invariably present) is 
precipitated by bromine and ammonia from the 
filtrate separated from the precij.iitatc produced 
by hydrogen siiljihidc in the acetic acid solution 
(Sec. .58, 7), and the liipiid, filtered from the sepa¬ 
rated hydrated manganese dioxide, is tested for 
barium, strontium, cu/ciunt, and nmijnesium ion 
according to (Kil) anil (107). If they arc not all 
detected here, the hydrated manganese dioxide 
precipitate, which contains .small particles of 
compounds of the alkaline earth metals, is dis¬ 
solved by heating it m hyilrochloric acid, the 
manganous ion precipitated with ammonia and 
ammonium suljihide solution, the liquid filtered, 
and the filtrate tested as in (101) and (167) for 
the ions of the alkaline I'urth metals. 

(Vb) The solution contains much ferric ion. In this case the 
process described in Sec. 63, A, 3, b, is used, in order 
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to precipitate the ferric ion as.basic salt; the liquid 
is then filtered, the precipitate washed with water 
cimiiiininf' ammonium chloride, the filtrate concen¬ 
trated as far as possible in a platinum dish, allowed to 
cool, ammonia added in slialit excess, the liquid 
filtered, the preeijiitate washed, and the first main 
pre<'ipitatc united with that obtained on the second 
precqntation with ammonia .solution ; this |irccipitate 
is dealt with as in {iki) (aa), and f lic hcpiid filtered from 
flic ammonia precipitate as m (rrii) (fSjS). 

265. (h) Examitidtiou of the residin'. This f’enerally con.sists of sand, 

hydrated silicon dioxide, claj', and organic substrances, but, 
if hydrogen sulphide is present in tlie wafer, may also 
containsulpluir aswell as the sulphates of barium, strontium, 
and perhajis calcium. It is boiled first for some time with 
a solution of sodium carbonate and sodium hydroxide to 
di.s.solve the silicon dioxide and any snljihur ])roscnt. the 
solution diluted and decanted from the residue on to a 
tilter ; the residue is boiled twice more with fresh portions 
of the .sodium carbonate solution, and the precipif.ate trans- 
ferreil to a filter, and washed. 

(a) Examinolion of the solution. A part ol the llltrate. first, 
obtained is acidified with hyilrochloric acid (an odour 
of hydrogen sulphide indicates the jire.sencc of sulphur 
in the spring dejiosit), evaporated to dryness, the residue 
heated with liydioehlonc acid, diluted W'ith water, the 
liquid liltered, and the still undi.ssolved residue washed, 
dried, and ignited, in order to scjiarate silicon dioxide 
from any suljihur (irosent. Should there be any doubt 
as to the jiie.sence ol siiljiliide ion in the alkaline 
solution, a portion of it should be tested witli alkaline 
lead solution ( 800 . 124, 4). 

(j 8 ) Exuimimtion oj the re.sidue. This is treated with dilute 
hydrochloric acid to dissolve any barium and strontium 
ions jirescnt which may have been contained in the 
incrustation aa 3 ul 2 ihates, and have been converted 
into carbonates when boiled with sodium carbonate. 
The hydrochloric acid solution is tested according to 
(l(i3) for barium and strontium ions, and the residue, 
insoluble in liydrochloric acid, is examined as in Sec. 
183. 
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2. The test lor Jluorincnon is best ma<le on a separate portion of the 26? 

ferruginous deposit or incrustation. Jf it does not already 
contain much calcium carbonate, it is mixed with about half its 
weight of ])ure calcium hydroxi<le, ignited (in which o])oratiou 
oryanic suhsianccs may also be detected), the residue stirred with 
water, acetic acid added until the rea(;tion is acid, the mixture 
eva])orated to expel the acetic acjd, and then dealt with as in 
(252). 

3. If arsenic ions have bo<m found, the ferruginous (]ej)osit or in- 267 

crustatlon is boiled continuously with (;<*ne(nitr.itcd potassium 
or sodium Jiydioxide solutioii, the liejuid liUei<‘d, :i.nd the; liltratc 
t(;sted accortlnig to 8ec. 92, 13, to d(;termine whether the arsenic 
is present in the inc.rustation in the form of arsmiite or arsenate. 

ff the incrustation contains organic substances of a bumus- 
like nature, and further examination is ixnpiinul, the methods 
of organic (hemistiy should be used for the [lUipose (<j. (lliap. 

111., No. .3). Tliis examination eanimt be curried out by the 
methods of analytieal chemistry in the stricter sim.se, as dealt 
with in tins book. 


1 /VNanYSLs of Soil. 

Slo.191. 

As in tlie ca.se in the exjuuination of water, (juaiititative analysis 
i.s really the only certain luieins ol determining tlie value, i.c. the 
pro[M)rtion of plant nutihmts in soil, and, as m the case of drinking 
wat(“r, a <lelinitc c-oiKhisiou is only possible ^\]len the geological and 
lo(;aI comlitionsare t.iken into consideration,and the cliemical analysis 
snppieinented by liaeteriologharl examination ; in t he .same way a 
(^omprehensivi; opinion regarding a given soil can only be foniu;d when 
the jihysical properth's and the baeteriulogical results as well as the 
ehemical coiujiositiou are taken into couskleiation. bhr the analysis 
of soil, as was mentioned in eonnection with Uh; analysis of water, 
reference should be made to K. hTi'sonius. AnUituny zur quaiilita- 
tivini vJietmsvIien where indications, at all events, arc given, 

even in regard to the physical and bacteriological t'xamination. 

Tile (pialitative analy.sis of soil would almost seem to be super¬ 
fluous, .since-, generally speaking, it would give the same results in all 
cases, at least as regards those earths on which plants can grow at 
all. Still, in qualitative analysis the extent of tlie reactions which 
occur permits of an estimation of the ipiantities of the constituents 
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present, and consequently of a certain judgment as to the composi¬ 
tion of the soil in question. 

It should, however, be noted that for the nourishment of plants 
it is not only necessary for the respective constituents to be present 
at all, but for them to be |)resent in a form in which they can be 
absorbed by the plant.s. 

Thus, for example, jjota.ssium or also calcium will not serve for 
the nourishment of plants when it is present in the form of un¬ 
weathered silicates whicli arc not attacked ))v water containing carbon 
dioxide or humic acids. 

It is imjiortaut, therefore, in the anal}-sis of soils to distinguish 
between the inorganic substances soluble in water, those soluble in 
acids, and those insoluble therein. 

It should be. borne in mind, when considering the different solu¬ 
bility of the substances pre.sent. that the various soils pos.sess, to a 
greater or less degree, the cajiacity of fixing the constituents from 
aqueous solutions by means of adsorption, and then of again rejecting 
water (penetrating rain water) which does not contain these substances, 
or only to a slight extent. It is, therefore, as a rule, impossible to 
extract completely from the earth (even by fri'quently repeated 
extraction with water) the substances which are soluble in water. 
Despite these limitations, however, it is advisable to carry out the 
qualitative analysis in accordance with the solubility groups already 
mentioned. This examination m.ay be divided as follows :— 

1. Preparation and Examination of the Aqueous Extract. 

Sec. 192. 

A kilogramme of air-dried soil is used for the ])ur))oee. It is not 
easy to jirejiare a clear aqueous extract, since, when the soil is 
treated in the cold, or boiled with water in the ordinary way, and then 
filtered, the fine clay renders this work more difficult, in that it firstly 
stoj's u[) the [lores of the filte.r pa])er, and secondly that it nearly 
always (at least at first) renders the filtrate turbid. 'I'hc following 
process, devised by b’r. iSchluze, is a simjile and conqiaratively rapid 
method of attaining the object in view. The points of medium- 
sized funnels are closed with small filters made of strong paper; 
these are moistened and [iressed well against the sides of the funnel, 
a layer of fine, pure, ignited quartz sand 2 to 3 cm. thick jilaccd on 
them, and the air-dried earth, w'hich is not [lowdcrcd or only com¬ 
pressed (it is preferable that the greater portion should consist of 
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lumps the size of a peaf to that of a walnut), placed in the funnel so 
as to fill it to the extent of about two-thirds. Distilled water is now 
added until it covers the soil, the first filtrate, if turbid, being poured 
into the funnel again and allowed to drip through ;• the funnel is 
again filled with water, and this ])roce.ss re])cated until the filtrate is 
two to three, time.s tbe weight of the soil used. 'J'ho filtrates, which 
are often somewh.at turbid, .are mixed togedier ; a ])ortion of the soil 
which ha.s been extracted with water a.s far a.s possible is reserved. 

The aqueous solution is divided into two portions, I and 2, con¬ 
taining two-thirds and one-third respectively, 

1. Portion 1 is evaporated in a porcelain dish until very concentrated, 
and then tested as follows :— 

(ft) A small quantity is filtered, the reaction of the clear or 269 
almost (dear filtrate determined, oiu; |)art of it reserved to 
he tested tor organic substances according to (279), the 
remainder of the filtered jjortion heated, and treated with 
nitric a(dd, Kvolution of gas indicates an tiWuli carbonnlc. 

(due half of the li(jui(l i,s then tested for chlorine ion, by 
means of silver nitrate, and the other for .•mlphutc ion by 
means of hai-iuiu chloride. 

(h) The remainder of tiie concentrated liquid obtained in 1, 270. 
together with the jirec.ijiitate uhich is usually formed, is 
placed in a small porcelain or, better, platinum disJi, evapo- 
rateil to dryness, and the hrowuish residue cautiously heated 
over a llaiuc iiiitd l.lu^ organic .substances are di'stroycd. 

Jn the preseiic(! of nitrate ion incande.scenee will occur, 
which is more or less ju'onouuced according to the quantity 
of nitrate ion. The gently ignited residue is tested as 
follows :— 

(a) A small (juaiitity is tested hu' nia»f;iinous ton by fusion 
with sodium carhoiiatc in the oxidation ilame (fiec. 

58, 19), 

()3) 'I’he jiunaiiidef is hciited with water, a little hydro¬ 
chloric iic-id added (cilervesceiice iiidiciites carhonalc 
ion.), the mixture evaporated to dryiies.s to sejrarate the 
silicon dioxide, the residue nioi.steiied with hydrochloric 
acid, watoi' added, and the li([uid heated and filtered. 

(act) The w'ashcd residue, generally contains a little 
carbon, also some clay (if the aqueous extract was 
not quite clear), and finally .silicnn dioxide. To 
identify the latter, the jroiiit of the filter is pierced, 



716 PRACTICAL METHODS FOR SPECIAL CASES ch. n 


the residue waslicd throujjh, boiled with a solution 
of sodiumcarbonate, the liquid filtered, treated with 
hydrochloric acid in excess, cvaiiorated to dryness, 
.■ and the residue treated with hydrodiloric acid 
and water, whereby silicon dioxide is left. 

{hh) A small portion of the hydrochloric acid 
solution is tested lor pliosplialc ion (alter previous 
evaj)oration following the addition of nitric acid) 
by means of a solution of anunoniuni molybdate 
in nif.ric acid ; a second portion is tested for ferric 
ion by means of potassium thiocyanate. 'I'o the 
remainder there are added (for the scjiaration of 
plio.sjihatc ion) a few dro[)s of ferric chloride, then, 
cautiously, aiuinonia solution until the liquid is 
slightly alkaline, the mixture gently' heated, 
liltcrcd, and the ciilrtuiii, ion preeijutated from the 
filtrate by means of ammonium oxalate ; tests for 
the detection of woipiesiiim ion, soilmm ton. and 
pohmsiinn ton are made exactly as in the ordinary 
course of analysis (Secs. 172 and 173). Kinally, a 
small portion of the pure alkali chlorides is sjiectro- 
scojiically examined for lithium ion. 

271. Aluminium ion is not often present in the 
aqueous extracts of .soils i (Fr. Schulze never 
found any). Tf tests are to be made for it, the 
prccqiitate obtained with ammonia is boiled with 
pure potassium or .sodium hydroxide solution in 
a platinum or silver dish, the liquid diluted, and 
tiltered, and the filtrate tested by acidifying it 
with hydrochloric acid, and heating it with am¬ 
monia. A positive result is only conclusive of 
the ]iresence of aluminium ion, if the reagents 
were undoubtedly free from aluminium. 

272. 2. One portion of the second part of the aqueous extract is tested, 

if iron ions were found, with potassium ferricyanidc, and another 
portion with potassium thiocyanate, in botJi cases after the 
addition of a little hydrochloric acid, to determine the dej^rce of 

^ Soils wliicli (’oniairi ftcc siilphuiio acid produced liy tlxi ueathering of 
sulphur pyiitcH, an<l thcreluro yield aqueous cxliacls winch sliow an acid 
reaction towards methyl orange, can, of cuuise, contain aJuiniuium ion soluble 
in ivateT. 
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valency in which t'he iron ions arc present. 'J’hc remainder of 
the aqueous extract is tested for nilralf-Mid nilnlc ions, and also 
for umimniuni ion as in Secs, 236 and 2.37. 


2. Preparation and Examination of the Acid Extract. 

Sec. 19,3. 

About .30 crnis. of the soil wliicli has been c.xtractod as far as 273 
possible with water (complete wa.sliino is. as a rule, not [lo.ssilile) is 
lieate.d with moderately strtine hydrochloric acid (efferve.seencc 
indicates airhonnii-s) for a few lioiirs on the water liatli. and filtered. 

The liquid, which is generally of .'i, red<lish-yellow colour, owing to 
ferric, ion, is used for the following tests : 

1. A .small portion is tested for fi-inc ion by means of potassium 

thioe 3 ’a.nate, and a second for ferrous ion I)}- means of jiota.ssium 
ferricyanide. 

2. A small quantitj^ is evaporated to diyness. the residue heated at 274. 

a temperature onij' slightly exceeding KKI’, moi.steiu'd with 
hydrochloric acid, a little water added, the mixture heated, a. 
little more water added, and tlie silicon (lio.ude, whiidi is genc- 
ra.llv coloured, owing to organic substances, but turns white on 
ignition in the air, hlf ered oil'. A portion of (he filtrate i.s 
tested with barium chloride for sulp/iule ion, and the remainder 
cva|)oratcd to a small residue, with the ri'peati’d addition of 
nitric acid, and this residue tested for ji/iosp/iiile ion by means 
of a solution of ammonium molybdate in nitric acid. 

3. A somewhat larger portion is used for thi' detection of miini/anons, 275. 

olunuHiam, calcium, nua/nesium, polassiiim. and sodium ions by 
the ordinary methods, and, it only small amounts of organic 
.substance.s have passed into the hydrochloric acid solution, it 
is dealt with directly according to (111 rt scij.), otherwi.se as in 
(1.3.3). 

<1 If it is desired to ascertain whether the hydrochloric acid extract 276. 
contains arsenic ion, cupric ion, etc., the remainder of the solu¬ 
tion i.s treated with hydrogen sulphide, etc., as described in (261) 
to (203). 

I). It fluorine ion i.s to be detected, it i.s best to test a special portion 
of the ignited soil according to (230). 
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3. Examination of the Inorganic Constituents insoluble in Water 
and Acids. 

Sec. 194. 

277. When heated with hydrochloric acid (273), the greater portion 
of the soil always remains undissolvcd. If this is to be tfieiuically 
exaniiued, it sliould be washed, dried, the stones sejiarated from clay 
and sand by sifting, these bust sejiarated by clutriation, and the 
different constituents submitted to the jiroccss of analysis described 
in connection with silicates (Sec. 181). 

4. Examination of the Organic Constituents of Soil. 

Sec. 193. 

278. 'riic organic constituents of soil consist jiartly of jiortions of 
plants, the structure, of which can still be recognised (jiieees of 
straw, roots, seeds of weed.s, etc.), and jiartly of products of deconi- 
jiosition (esjiecially those of plants), which are generally given I he 
collective name of humus. These are of varying nature, according 
to their constituents and jirojierties, and according to whether they 
are jiroduccd by the decouijiosition of substances containing or free 
from nitrogen—whether they have been jiroduccd with the assist¬ 
ance of alkalis or alkaline earths--and whether decomposition has 
just set in or is considerably advanced. 'The.se different constituents 
liave not been e.xhaustively investigated. So far as they are known 
and characterised, they can only be in any way accurately identified 
by the methods of organic chemistry (Chaji. Ill., No. 3), It 
generally suffices to e.stiniatc the quantity of carbon or nitrogen in 
them by means of elementary quantitative analysis, or to determine 
the quantity of permanganate necessary for their o.xidation. In 
this resjiect reference should be made to K. Krcseniiis, Anleiluiiq zur 
quaidkuliven chc/nixchen AimIijsc. As far as qualitative analysis is 
concerned, which is the question here, the following tests should 
bo made :— 

(a) Examination of orijanic substances soluble in imtcr. 

279. The portion reserved for this jiurjiose in (2(19) is evaporated to 
complete dryness on the water bath, and the residue treated with 
water. 

The liquid is then filtered, and evaporated to dryness, and the 
residue ignited in tire air. Incandescence, accompanied by an odour 
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of burning, or previous carbonisation, indicates the presence of 
organic substances. If large quantities of liumic substances soluble 
in water are present, the aqueous solutioji shows a more or less 
pronounced brown coloration. 

{/>) Trvntincnl with alkah caibonatc. 

A portion of the soil which has been exti acted witli water is dried ; 28C 
any stones or jjarticles of straw, roots, et(^.. are separated from the 
finer soil by sifting, the latter treated for some liours at 80^^ to 90® 
with a solution of sodium carbonate, and the li(pjid filtered. The 
filtrate, is treated with hydrochloric acid until tJi(‘ reaction is acid. 

If brown flakes separate, they are derived from tlie so-called humic 
acids, which were ]>res<‘nt in the soil in tin; form of salts insoluble in 
water. The ])recipitate is light or dark brown, according to the 
nature of the Immic acid pri\seiit. 

(c) Treat niruf nnth alkah liifilroxulc. 

The earth which was c.xtra.cied in {h) with a solution of sodium 281= 
carbonate is waslu'd with waiter, and Ixiihal for some hours with 
potassium hydroxi(h‘ solution, tlie evaporating water being replaced ; 
the. IkjukI is then dilutial and filtmed, and th<‘ residue washed. The 
hrow'ij liijuid is treated as in (h). d’lie liuniic acnis which se]»arate 
here sliould bo regarded as liaviiig been formed only on boiling with 
alkali hydroxide. 

\^ Dk'I’eo'I'ion ov iNoitaANic Substancjl.s tn thk Tkesence of 
O no A N [(• S T mS7’A N (' ES. 

Sec. 190. 

In many cases the presence of organic substances renders the 282. 
dcteiTion of inorgani<‘ substances simultaneously jua'sont much more 
flilficult, whether it is a question of objects made, ul w'ood, leather, 
{lapei', or textile fabrics, etc., or of drugs, food ju’oducts, spices, 
fodder, manure. lubrii^ating oil, parts of plants, cadaveric remains, etc. 

()ii the om; hand, it is often impossible, \vi( bout treatment, to dis¬ 
solve the inorganic sulistance.s when solid matter or oils whicli do 
not mix with water and acids arc to he <‘xamined. On the. other 
hand, dough-like slimy masses often cannot be filtered without 
previous treatment, and, as in tJie case of many dark-coloured liquids, 
frequently make it imjiossible to recognise whetlier reagents produce 
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precipitates, and if so, to determine tlieir properties. Finally, even 
in clear solutioiKS the roaction.s of many inorijanic' sidi.staneos arc 
influenced by the jiro.senee of orji.Tiiie .sub.staiiees (owing to the 
formation of e.jinplex comj)Ound.s). 

In many case.s, therefore, the organic subatance.s must be removed 
or destroyed. 

According to wdiother the object in (|iiestion is to be examined for 
all inorganic substances, or onl)' for definite individual substances, 
various method.s may be used. No one rule can be given to meet 
all ca.se.s. We therefore confine ourselve.s to giving a number of 
general instructions, and enlarging on a series of individual cases, 

1. General Remarks. 

1. If it is solely a que.stion of the examination of substances 
which do not volatilise on heating, .solid substances may be calcined 
without treatment, but jia.sty or hquiil substances only after evapora¬ 
tion to dryne.ss. The method of procedure is described in detail in 
Sec. 2t)8. If the object which is to be tested is not an unaltered 
jiart of a plant or of an animal body—if it is. for examjile, coloured, 
painted, imjiregnated, tanned, etc.—it may, of cour.se, contain other 
substances than those dealt with in Sec. 208, In that ca.se, the a.sh 
should be dealt with according to the methods given for the giuieral 
sy.stematic course of analysis. In the ca.se of substances which hum 
with dilliculty. conqiletc incineration may, under certain conditions, 
be elTceted, if they are first inqiregnatcd with a .solution of ammonium 
nitrate, or if the suKstance or the charcoal obtained by direct in¬ 
cineration i.s mixed with solid ammonium nitrate and heated. Asa 
violent action may occur, the ammonium nitrate should be addl'd 
cautiously. 

In many ca.se.s it is |ireferable, instead of simply calcining the 
substance, to fuse it wil h sodium carbonate alone, or with .sodium 
carbonate and pota.ssiiini nitrate, which may lie done according to 
the instructions given in 8ec. lOfI (KJo). It is not advisalilc to use 
sodium jieroxide, owing to its violent action. 

Needless to say, in the calcining or fusion prooe.ss the individual 
constituents are not found in fhe same state of valency in the ash. 
It should also be noted that, for example, sulphur and phosphorus 
which were originally present in organic combination ajipear in the 
ash or fused mass as suljihate or jihosphate ion, and eannot be 
distinguished from the sulphur or iiliosphonis originally present as 
a constituent of inorganic substances. 
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If a test is to be made for sulphate or phosphate ion in the presence 
of organic substances, the former alioiild be dissolved in the maiiner 
descTibod in 5 without d<*str<)ying tJie organic substance, e.g. by 
extraction with acids. If it i.s o?dy a questioji oi ti (3 detection of 
chlorine, bromine, or iodine in organic substances, the latter should 
be mixed mth about four times tlieir quantity of pure sodium 
carbonate (if necessary evai)orated to dryness), and gently ignited 
for some time. The carbonised jnass i.s then extracted with 
water, and the liquid filtered from the charcoal, aiid tested for 
IiaJogens. ’ 

2. Another mctliod of destroyiuo organic substauce.s which may 284 
1)0 Sjx'cially recommended in the case of liquid and semi-liquid 
olqects, animal organs, cadaveric remains, and num(‘r<)u.s viscous, 
slijny, or gelatinous masses which camiot he readily evaporated to 
dryness, is to heat tlicm with strong oxidising agents. Mention 
may here he made of the method of primary imiiortanco proposed 
liy R. Fresonius and von Babo. wliicJi dcipends on the action of 
lijairochlorii^ acid and jiotassium <*}ilorat<‘. It i.s de.scribed in detail 
in 203 (rubric numiier 301). For partimilars, therefore, lader- 
eiun sliouid ho m.ade to the directions given then* In.stead of thus 
method, the trcatmeiit with brojiiine of tin* arti<‘Ics m question on 
the water batli has also Ixuni sugg(‘sted. 

These excellent methods, which ex])ericnc.<' has shown to be 
trustworthy, <‘.auso do<‘olorisation and the I'onversion of a pasty 
jiiass into a thin liquid, so that furthei treatment is po.s.sihle ; they 
do not. however. elYiMT the complete rmnov.il of organic substances, 
and eonscupiently tlies<‘ must be taken mb) consideration in the 
c»)urse of fiirllier examination, as licing possiblv ])rc.sent. Furthm*, 
preeijiitates inay be produced in siu li ]j([Ui(ls by hydrogen sulphide 
or ammonium sulphide, evmn in the absence of the cations of Uroups 
Vi., V., and rV. 

Other metliods are based on as (‘ompicte a destruction of the 
organic siibstanci's as possible. So far .as the action of voncentralvd 
acids on organic substances is conceriKal, thi'se can only bo applied 
(after previous treatment of tlie liquids or pasty' masses by the 
metliods described in 2) (lO the jirccijutates obtained from such liquids, 
or to the residues which remained insoluble in the ]>relinunaiy 
treatment. If solid substances are ])reseiit, tliey may be directly 
oxidised by these metliods. 

The following reagents have lieen recommended : Rod fuming 
nitric acid, concentrateil sulphuric acid and nitric acid, ammonium 
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persulphate and nitric acid, percarbonates, Caro’s monosulpho- 
pcracid, H 2 SO 5 (or concentrated sulphuric acid and 30 per cent, 
hydrogen poro.'cidc (pcrhydrol), or ammonium persulphate i). These 
nicthod.s, if adapted, should bo applied us described in detail in Sec. 
197, d (292) and Sec. 205 (321). 

285. 3. TJic (lostructiin) of or^iiiiic .sulistanccs hy means of concen¬ 
trated sulpliurie acid is also suitable for ma?iy purposes, e ij. in tlie 
form in which it is described in the systoiuatiii course in Sec. IGI) 
(135, ^), or in the, form wliicli Kjeldahl has devised for tlie deter¬ 
mination of nitrogen in organic substances, i.e. by heating them with 
a considerable excess of concentrated suljiliurii^ acid, if jjecessury with 
the addition of phosphorus pentovide or jiotassium sulphate, or 
mercury or cuiiric sulf)hate, until a light (usually clear) solution is 
obtained (Zc/Asv//. ana!. fV/m... 40, oGO). 

286. 4. If it is a (jui'stion of solid substances, these may also first be 
extracted with water or ar-iil. and only the residuir sirbjected to one 
of the treatments described in I 3. The same is ajjjilicable, to 
masses from wliieli the fluid portion may be nadily sejrai'atcd by 
filtration. 

287. 5. Under certain conditions, orgairie sniisf.ancr's may be removed 
without destruction, c//. ulmn the object is mixed with oil or fat 
by treatment with ether or petroleum spirit, or the substances to be 
e.xamined can be extracteil from the organic material liy means of 
a .solvent which docs not attack tlicin h’or instance, II. Kresenins 
and Schattenfroh (Zritsclt.amd. ('Ih’iil. 34, .'Wl) suggest sliakiiig oils, 
which are to be tested for metals, with dilute acids, and so dissolving 
the metals. 

iScedles.s to say, in using the. methods just doseribed, it must in 
each case be borne, in mind what constituents may possibly be lost 
by evaporation, what siibstance.s are introduced by the reagents 
into the object under examination, or may be formed in I he treatment 
(tbu.s, e.tj. ammonia from organic nitrogen eomjioniids on treatment 
as in 3 ), and the suitable method of treatment should be chosen 
accordingly. 

288. fi- If salts or acid.s are to be detoeted in the presence of colloidal 
organic siibstance.s, it i.s fre(|ucntly very advantageous to make use 
of dialysis (Sec. 9).- According to the conditions, the substance is 

1 Of. for exanijilc, Zt^ilsrh. (iiuil. (Imti.. 4, 2(iH ; 21, .’fOU ; 39, 40.3 ; 42, 544 ; 
43, 134 ; 44, 2.59 ; 49, 25(i; 50, 307 ; 50, 4(i8 ; 51, 78. 

“ CJ. O. Ueveil, Zcilwh. mud. Chem.. 4, 200; liiziy, ibid.. 5 51 ; Ricdei'or, 
Ibid., 7, 617 ; H. Struve, Ibid., 24. 72. 
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introduced into the dialy.scr either at once or after previous treat¬ 
ment, e.g. after heating with hydrochloric acid, or with hydrochloric 
acid and potassium chlorate. If tlu*. former method is adopted, the 
substances will be present in the dialysate, in the*Raine stage of 
valency iji which they were originally ])resent. With regard to the 
procedure in detail, see See. 201. 

It is, of course, ini]><)Ksib]e within tlie^ se.ojx* of this book to <lcscribe 
all the. various methods which Jiav(^ been devis(‘d fur the detection 
of ])articular substances in drugs, foods, articles of cvery-day 
use, uriiAC,* In tliis resjiect refe,retic(‘ must be made to the 

literature on the subject, especially to the '/jcilsvhrifi fur <L)itdijtische 
(Vicmif. In the following sections we ojily deal with a scries of 
speciallv important case.s of tests for ])oisonou8 (M)nstituents in the 
presence of orgamc substances, and also with the general method of 
<3xamining plant ash. 

2. Detection of Arsenic in Textile Fabrics, Carpets, 

Pigments, etc. 

SfX'. 197. 

Of tin' manv' methods suggested for this })urpose the, following 289. 
may be nn'utioin'd : -- 

(u) About 20 to 30 grms.J of the siibstaine under oxainination 
(if necessary' cut into small j)i(‘ccs) are covered iii a reOn-t (witJi a 
tuhiiliire) of about OfK) c.c. <-,apacity, witli 1(K) c.c. of pure hydro- 
chloric acid of sp. gr. Mb ; th<‘ neck of the retort is drawn out and 
bent at an oI)tuse angle. It is pla(M‘d m sii<;h a position that the 
part of the, neck next to tlie body is directed <liagona]ly u])wards, 
and tln3 otlu'r ]Kirt is im-Iined downwards. Tin* latter is introduced 
into the cftolmg tube of a Jjiebig condenser, and the joint seiUircd 
with a piece of rubber tubing. The coiidejiser tula* is then con¬ 
ducted into a receiva'v of 700 c..(c capacity with a .sale tuhuluro, the 
conno<;tion being air-tight. This vessel is eharged with al>out 2(.M) c.c. 
of water, immersed in a basin of cold w'ater to cool it. and it.s tube 
connected wnth a I'eljgot tube (containing water. After about an 
hour, 5 c.c. of a cold .saturated solution of feirous chloride ^ [ireparcd 

^ If it is not ]>os.«*il>lo or d('siv<0>!e to use so nuich of tlu; siilibtanco, e.<j. in 
the cxiiniinatiou of rly<‘.s, tlio <iimntilics of liydroelilujic ai id, hsious chloride, 
etc., must he rc'<lu<-ed in ])r«)])(>i'tion to the amount of tho substance ; smaller 
retorts and apparatus sliould also be uscmI. 

* Instead of ferrous chloride, one of the other I’edueing agents^ mentioned 
in connection with pentav^alent arsenic, Sec. IK), may be used. 
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from crystals is introduced into the retort, aid tlio contents heated. 
As soon as tJie oxee.ss of hydrochloric acid has eseaj)ed, the, tem¬ 
perature is raised, so that the liquid boils ; it i.s then distilled until 
the contents of the flask begin to froth up. ft is allowed to cool, 
50 c.c. of hydrochloric acid of sp. gr. ril) introduced into the retort, 
or into any other known arsenic distillation apparatus, and the 
liquid distilled in the same way. 

The distillate, coloured brown by the organic substances, is 
combined with the contents of the I’eligot tube, and diluted with 
water to about (idOor 700 c.c., and [Hire hydrogen sul[ihideintroduced, 
first while the liquid is heateihand then in the colil. 

After about 12 hours, the brown precipitate, consisting partlv or 
wholly of organic substances, is collected on an asbestos filter 
(prepared by suitably packing asbestos into a funnel with a glass 
tap), the precipitate slightly washed, the Lap closed, and the ]irecipi- 
tate treated in the funnel with a few c.c. ol a solution of bromine m 
hydrochloric acid of sp. gr. I'lO, the funnel being covered with a 
clock-glass. After about half an hour, the solut ion is run olt into the 
jjrecipitation flask, to the sides of which jiortions of the hydrogen 
sulphide precipitate are frei(uently still adhering The residue on 
the asbestos filter is washed with the strong hydrochloric acid, 
already freipientiv mentioned, finrous chloride in snlliclent e.vcc.ss 
added to the coni,cuts of the flask, wdiich are then rinsed with the 
aid of stioiig hydrochloric acid into a correspondingly smaller retort 
of a distillation a]ipa,ratus, similar to the one mentioned above ; the 
liquid i.s distilled to a fairly small residue, allowed to cool, and, after 
the introduction of am it her .'>i) c c. ol h lalrorddoric lu id of sp. gr. T11) 
into the retort, distilled again. The distillate, w hich was ini.xed w ith the, 
contents of the I’eligot tube, is diluted to .MK) to 7IK) c.c., and I rented, 
a.s de.scrilied above, with hydrogen sulphide, in oilier to separate 
any arsenic pie.sent as arsenioiis sulphide (R. Rreseniiis and M. 1 lintz) 

If it is de.sired to sejiarate tlie arsenic as a niiiror, the ar.scnioiis 
sulphide should be treateil as m (dll).i 
290. (ii) The following iiictlnMls“ ill iSwodoii are buHod oji ilie 
same prinoi])le;— 

’ The ]nvf>L'iK'e ol Rrsviiic iii llie .•'iibHtancM's tindci r‘\:iimn,ili<in I'lui only he 
considofcil to hccii proved with ahsuhdf* (•ertainty when blank 

made with the siune hydioeldoin- lu id and tfie .s.i!no terrouj* ehliuidc JU the Mune 
retorlH, hav(‘ jrivf’ti neiiative vefinltw. Atterherg {('/mn. Znifi., 1885, U(.K)) 
prefers to evaporate the (listillatc contaminj' aisonic with nitrio aeid, to dissolve 
the rcaiduo in watei, un<l to convert the arsenate ion into silver arsenate. 

^ Cf. Zeitsch. ami. Chem., 34, 81). 
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A flask of al)Out olK) (^c. capacity is connof'ted by means of a 
50 c.c. pipette, bent twice at right angles, witli an ()])cn receiver. The 
latter has a capacity of about 100 (^c., and is lialf tilled with water, 
in which the jxiiut ot the ]npotte is slightly imincrscM; the sample 
is introduced into the flask, trealx'd with 2 grins, of ferrous 
sulpliate fr(‘e from arsenic, and (•ov(n“<‘d with 50-80 of concen¬ 
trated hydrochloric^ aeni of sp. gr 118-1 1!), fn*(‘ from arsimic. In 
th(5 c-asi', of bronze colours or other metallic substances, a further two 
to tlina^ gfins. of ferric, cJiloridc free from arsenic should l)e added. 

'rh<! flask is heated, and tlni li\'drochlori<- ac,i<l kept Ifoilmg as long as 
the pipctt(5 (^an lie held in the hand. The r(*sulting distillate is 
treated with 50 c.c. of saturated ]iv<lrogen sulphide water, or is 
diluted with 50 c.c. f)f water, and hydrogeji sulphide introduced. 
After 12 lionrs'standing, tlie separated iirsenie sulphid<‘ is collected 
on a siriidl filter, washed with water until the acid nsiction liisappears, 
and tlnm dissolvixl in 5 e c of dilute ammonia solution (one volume 
of ammonia of sp. gr 0 !)(> and <me volume of uatm). After the 
addition of 0 02 grin of sodium carbonate'. fb<‘solution is evaporated 
to dryness on a chick-glass, the resi<bie thorouglii\' mixed with about 
0 -) grill, of a mixture' of elry seieliuin carbonate a.nel potassium cyanide, 
and reHliie.x'el in a cuiTi'iit of e-.arbuu dieixide, as dese rilied in Sev-.. 89, 17. 
in a bull) tube made of glass abseilutely free freiiu ar.se'niet. This 
tube must ha ve' a Imlb ed about 2 cm eliametcr. to wliicJi the narrow 
part of the tube; in whtcli the arsenic mirreir is to separate is directly 
attaeJie'd. 

(c) The pigme'ut, if preisent as such, is mixed w'ith two parts of 291 
seielium e'arliemate' and two parts of seidium nitrate', eir the textile 
fabric e-r carpet. <mt into small jiiceies, is saturated with a ceincen- 
tratcel solution of this mixtiiro, and ilioroughly elrie'el. >Se)dium 
nitrate is then fuse'el in a small porce'Iaiu elish, and the .sufistance, 
prepareel in a(.‘,corelanexi witli tlie* instrimtienis given ulieive*, gradually 
a.elde'el to it, tJiei Inciting be'ing e'.emtiniie'el me'anwliile, anel, if neeie's.sary, 
a little more seidium nitrate being adeh'd frenn time tee time. By this 
means a fusenl mass is eihtaineid free from eirganic substances and 
carbon. When coeil, it is soakeel in water, the alkaline liquid 
filtered, the rosielue' washeel, suHieuent hydreie-ldenic acid added to 
the combined filtrate anel washing water to expel the carbonic 
ac.id, nitrous ae*,id. an<l nitrie* aciel ; the whole is then evaporated (at 
first on the water bath, finally at a sligliUy higher temperature) 
until heavy siilfihurie'. aciel vajKUir begins to ese-.ajie, alleiwed to cool, 
diluted and lilf crexl. Tliis liejuid may either be introduced directly 
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into Marsh’s apparatus to bo tested for arsciiic (Sec. 89, 12, 10), or 
it may be treatial with liydrogen sulj)hide, after the addition of a few 
drops of Jiydrochloric aeid, and any ])rceij)itate treated according 
to (311), 

292. (d) Not infrequently, however, a sinqder jjrocess will sullice to 

obtain a liquid from textile fabric.s, cairpets, etie, whieli can be tested 
directly in Mansh's apparatus. Of the many methods deaeiibed for 
this purjrose, mention may be made ' of that recommended by If. 
Fleck.2 The object to be e.vaniined, after being c.ut up, ,i.s dige,sted 
for 18 to 24 hours with 5(» to 1(K) gnus, of pure 25 jier cent, sulphuric 
acid at 50“ to 60“. If, after thi.s <lige.stion. remains of the pigment 
are still visible on the object, which is very seldom the case, 3 to 
5 gnus, of pure idtrio acid of sp. gr. 1'24 are added to each ICK) grms. 
of the 2.5 per cent, sulphuric acid, and the dige.stion continued until 
every vestige of jugment has been destroyed. The liquid is filtered, 
the residue washed, and the filtrate diluted to 200 c c. and tested in 
Marsh’s a[)paratus. 20 c.c. being introduced into it at a time. If 
nitric acid was added, the liijuid must be evaporated until all the 
nitric acid has been removed before diluting it to 200 v.eA 

(e) Arsenic may. of course, be detected in a solution prepared 
according to (d) by one of the ra|)id im'thods di'scribed in Sec. 92, 
9, (c) or (/’), instead of with the aid of Marsh's appai'atus. 

(/) VVith regard to the official method of detecting arsenic and 
tin in coloured foods and sjiices, sec /jcilxch. tnml Client., 27 , 471. 

3. Detection of Inorganic Poisons in Food, Cadaveric Remains, 
etc., in ChemicoTegal Cases.^ 

Sec. 198. 

293* The cliemist is occasionally called upon to examine food, the 
contents of a stomach, a dead body, etc., for any poi.son contained 
in it, in order to determine whether the jioi.soning was vidnntarv or 
involuntary. Frequently, however, the question is more specilic, 

^ In tliis fionnoctidn, .sco also Sco. 211. 

Zeitsck. itwil Chc/n , 22, ‘171. 

5 With roj^ard to filhor mclhoda suggc.slud for the same purpose, cf. li. 
Hager, ZeiMl. ami. Clirm., 11, 478; E. l.yttkens, Ilnd., 22, 147 ; (1. Thomas, 
Ibid., 22, 476 ; EU, I’olensko, P/uirm. Zi ntriilk, 40, 288 (188!)). 

‘ Cf. B. Eresenins, Uber die Stelliiwj de.i Clirmd en ba gi-richUich-fhemischen 

Unier-tucItuMjen, iteiii., JAebiij\i Ann. d. Cbem., 49, 276 ; also K. luesenius aiu 
L. v.tBabo, Vher tin nenes, miter alien 1/m.itanden sicheree Verfahren zut Aus- 
miltluiig a.ud quanhtutu’Cii lieshmtnimg des Araem bei Vergiftungafalien, lAelvj a 
Ann, d. Chem., 49, 287, 
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.-iiiil lie i.s only required to decide wliotlier ii metallic poison is jirescnt 
in this or that substance, or, iii particular, whether it contains arsenic, 
prussic acid, or another definitely specified poison, either because, on 
opening a body, the elEects of poisoning or indications of a poison 
justify such a specific question, or that the corom^r is in a position 
(or considers he is) to a.sk the question for other reasons. 

Obviously the task is the, easier to .solve, the more specific is 
the question. Ibit even when it only refers to a definite substance, 

arsenic, the chemist is wiser if he adojits a method which permits 
not only of the ihh.ection of one poison, possibly presumed to be 
present wif.hout valid reason, but also indicates the jircseiice or 
absence of other similar jiciisons, for it must always be remembered 
that the object of his examination (“ corpus (Midi ”) is oidy available 
once. 

If. however, this plan wiire to be carried to e.xtremes, and a 
nnhiliod devised to cover all possible poisons, it could obviously 
be worked out at a desk : practice, however, would prove only too 
.soon that the inevitable c,om|)lication of such a process W'ould 
influence its ea.sy application .and the po.ssibility of success to such an 
extent that the disadvantages would be greater than the advantages. 
Besides, .as a rule, the accompanying circumstances permit of a 
fairly safe conclusion as to the group to which the poison must have 
belonged. With this jioint m view, the following processes are 
given: 

1. A process which ensures with the greatest certainty the 
detection of the smallest quantity of arsenic likely to be the subject 
of forensic e.xaminations, which permits of its gravimetric estimation, 
and renders the ildrdioii, of all other mdullic poisons jiossible (Sec. 
199 to Sec. 204). 

2. A jirocess for the detection of hj/drocyaHic acid, which does 
not render the substance useless for the e.xainination for nuiallic 
poisons, or for ulkaloids (Sec. 20(1). 

3. A Jirocess for the detection of phosphorus, which does not 
interfere with the examination for other poisons (Sec. 207). 

Further, as Appendix to I. :— 

4. A process .solely for the detection of arsenic, which, as a rule, 
cannot be used in conjunction with tests for other poisons (Sec. 205). 

This chapter dues not, therefore, claim to be a complete treatise 
on all cheraicodegal examinations; what is stated, however, has 
been tested, and shown to be trustworthy by our own practical 
experience. The directions given here will, in most cases, be 
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sufficient, especially as details will be given in an appendix to the 
chapter dealing with alkaloids of the best methods for, their detection 
in forensic cases. It will be found advisable to instruct students in 
this toxicological work only when they have acquired thorough 
practice and experience in quantitative analysis. 

294. Jf there are no detinite indications of the nature of the pohson to 
wlucli the examination is to extend, so that it is necessary to take 
all poisons —inorganic as well as organic -into consideration, the 
material should be most cautiously e.xamiiK'd with the naked eye 
or with a lens, and its odoui-, nniction, etc., tested; then, if cir¬ 
cumstances do not perniit of separate samples being taken for 
various examinations, the matmial is first tested for hydrocyanic 
acid and jihosjjhorus (both can generally la^ detected by mie dis¬ 
tillation), then tor alkaloids, and finally for metallic |)oisou.s. 

Jf various objects are to be examined- drugs, foods, bev(‘ragea, 
vomit, the contents of a stomach, intestinal contents, urine, organs 
of the body (liver, spleen, etc.)—it should be made .a rub; to exainiiK! 
the individual objects separately. It is always necessary, after 
weighing and nniforjnlv mixing, to reserve one-third of each of the 
materials for unforeseen possibilities, ;ui(l, if necessary, for deter¬ 
mining in wha( state of eombimition the elements under suspicion 
are pre.sent. 

In the ciiso of material which putrefies readily, the portions 
reserved should be protected from decomposition by packing them 
in ice. In certain cases, they may be preserved by covering tlitnn 
with pure alcohol, or with saturated sodium carbonate solution. 


1. Method for the Detection of Arsenic, while taking other 
Metal Poisons into consideration.' 

.Sue, 199. 

295. Of all the metallic poisons arsenic is the most dangerous, and the 
one most frequently used—especially when poisoning is intentional. 
Among the arsenic compounds, again, arsenic trioxide (white arsenic) 
occupies the first position, firstly because its lethal dose is very small, 
•secondly because it has little, if any, taste, and thirdly it i.s fairly 
easy to obtain. 

iSince arsenic trioxido only dissolves slightly and very slowly in 
water (owing to the fact that it repels the liquid), the greater portion 

1 Ai senic_ is usually ajioken of a,s a “ metallic potson,” although in tho 
ohcmioal sense it belongs to the metalloids (c/. p. 316). 



SEC. 200 DETECTING VNDJSHOLYET) WHITE ARSENIQ 729 


of the quantity swallowed will, in the case of acute poisoning, be 
found still in the undissolved condition in the contents of the 
stomach or intestine; further, since the smallest granule may be 
detected immediately by means of a very sim])Ie tftst, and since, 
finally, it is certain (altliouoJi arsenic is found in otlier comjiounds, 
m feiTviginoiis deposits, coloured juaterials, etc ) tliat arsenic in 
grannies or in powdered form can never be [UM'sont in foods in tlie 
human body or in the putrefied nuiterial in coHinsJ unless it has 
been directly ])Iaced tlKU'c. special can^ should be attached to tests 
for isolating tlu^ aj^tuai arsetiic, and this is generally successful. 
When making these tests, elementary arseme. which may also be 
used for ])oisoning. may be found if it is still pritscnt as such. 

A. Method of dfteotniq findissolvc.d white nr.vr/oV: or eleinevldnj 
orsenie. 

200 . 

J. If foo<l, vomit, or the like is to examined, the whole is 296 
weiglu'd, as far as possible uniformly mixed, and :i, third n'served 
lor unfor(‘S(Mm jxj.ssihilities ; th(‘ other two-tliirds an* stirred in a 
porc(Aiiti dish with distilled wat(‘r, allowed tn staixl for a while, 
and the li<piid. tt)g(*ther Avith tin; ligliUir llojrting partii les. poured 
into another |)orc.elain dish. This process is n^peated sev(!ral times 
and, if it is possihhi, with the same licpiid, which for this ])urpose is 
poured from one poriH'lain dish into another, hhnally, it is again 
elutriat'd, preferably in a glass dish, with pure wat'r, tlie liquid 
removed as far as [u-acticabh*, and careful note taken whetJier small, 
white, hard granules, sandy to the touiih and gritty when rubbed 
with a glass rod. are found (these indicate, white arsenic^) ; or black 
grains or spicules (wliich indicate elemeiitare arsenic). Jf no particles 
ari5 observ(Ml, the (sxaniinatioii shouhl be continued as in fSec. 201 or 
202; if found, however, the suspicious granules, or a part of them, 
are carefully pickeil out with force[)s if possible, or the}'are cleaned, 
il very small, by further idiitriation on a clock-glass, dried, wingliod, 
and then the liehaviour of <me or more detenuimal when heated in 

’ K. Ib-e.-^fiiius {/jcihrh. a/uil. (’/inn , 6. lit")) otico had occ.ision to (-.xainino 
Oie «-oii)])lc(<>Iy (feromposi'cl leiaains of a ehikl, Imiicd tor a long tune, winch 
Were iti a small eofliji paintcil with ochr«‘ paint ^’110 lul of the conin h.ad an 
oiK-ning due to decay, .and tho rotten wood was inixeil with tlie rnnaiiis of the 
laxly. A small (piantity of aiscnie wa.s piesent in the eoiiteiits of the collin, 
hut not more t han the rpm ntity in the oehre paint oi\ one of tlie sai faces of the 
eoffin similar to tho one that had fallen in. The Imman lemaiiifs as,.siich, thert> 
fore, coutamed no arsenic. 
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a small sl'iss tuba. In this test, white arsenic, yields a sublimate 
ooirsistiiifi of sii.all lustruus Dctabcdra and tctralic<lra, but elemen¬ 
tary arsenic at luice gives an arsenic iniiTor. JI the former i.s 
obtained, a further gi-anulc is tested for its behaviour when ignited 
with a splinter of eliarcoal (Sec. 89, 1). Jf this test yields an arsenic 
mirror, it alfords a ti'Ustworthy ])roof that th(! granules und(^r 
examination are arsenic trioxnle. Jf it i.s a question of determining 
the weight of the ar.senie, or d tests for other metallic poi.sons arc to 
be made, the conlents of both dishes are combined and dealt with 
according to See. 20i or 2011. 

2. If a stomach is under examination, its contents should be 
emptied into a ])orcelain dish, and the stomach turned inside out, and 
examined as follows : (n) 'I’lie walls of the stomach for small, white, 
hard, sandy granules or for black granules or spicules. The [larts 
to which thi'Y adhere ai'c frequently red ; the, grannies arc often 
embedded in the skin. (6) After determining the weight of the 
uniformly mi.xed contents, two-thirds are treated as in 1 ; the 
remaining third is reserved. 

Intestines are treated in exactly the sarne way as t.he stomach. 
If poisoning took place through the mouth, arsenic trioxide in 
granules or elementary arsenic cannot bo present in other parts of 
the body, with the possible e.xception of the throat or t he tesojihagiis. 

If granules of this kind have been found, they are te.sted as in 1 ; 
otherwise, or if tests for other metallic poisons are to be. made, the 
procedure given in 8ec,s. 201 and 202 should be followed. 

15. Process for the detection of compounds ef arsenic and, other metals 
soluble in water or %n hydrochloric acid by means ofdiulysisA 

Sec. 201. 

If, in testing according to A., no .solid arsenic, trioxidc or arsenic, 
was found, and the examination is, therefore, at once continued as 
in Sec, 202, by means of which the organic substances are entirely 
destroyed by potassinin chlorate and hydrochloric acid, it is not 
necessary to examine the portion being tested for the state of com¬ 
bination in which the ansenic is jiresent; a solution containing an 
arsenate ion is obtained, whether the arsenic was present in the 
elementary condition as trioxidc, as arsenate, or as sulphide, 
etc. This difficulty can be at lca.st partly overcome by introducing 
a test B. by means of dialysis between the two methods of 
treatment.recommended in A. and 0. 

> C'J. Sec. 9. 
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The a])]jaratu.s sliutvii iti Fig. 7, [). iV), slioiihl be used for its 
.■j.()|)Iioation. The ljuoj) (-onsislsof wood or preferably of guUa-]>cr(-lia, 
and is 0 cm. d(;e() and about 20 to 30 ein. in diameter. When the 
dialyser iias heon ])erfo(:t]y arrang«*d, the niuss und(*r examination 
(the r<*sidiio and from See. 200) is [)Our'-’d into it, after two- 

thirds of t}je<ait-u|) stomai'.h or intestine Jiave been added, and the 
whole digested for 21 iioiirs at about 32" ; the ilialyscr, eliarged with 
the. li([Uid to at most a ilepth of lb mm , is allow<*d to (loat on the 
water c.ontained in the larger v(‘ssel, th(‘ (quantity of wliieli should 
be about four times as great as that of the liquid to b(^ dialysed. 
After 21 hours half to threiMjuartera of the < rvstalloid substances 
will b(5 found in tin; outer watm-, which geiuonllv appears c.olourless. 
It is coiKM'ntrated by evaporation on the water bath, the greater 
portion finally acidified witli liydrochloric, aiqd. and ti’catcd with 
iiydrogen suljdiide, and the (examination continued as in (302). If an 
ars<mi(5 com[)ound. soluble in water (or another scduble metal .salt) 
was present, the corresjMmding sul|>hid(‘. vill b(^ obtained in almost 
pure eondition. lu tiic end. all the soluble crystalloid substances 
may be extracted from the mass still (jonfiiined in the dialyser, by 
allowing this latter t(j iloatrepeatedly on further (jiiantitiesof water. 
The r(\sldll(^ of the dialysate, concenirated by (“vaporation, is finally 
tested as in »Se(;. 02, 13. to determine whether the arsenic hniiid is 
present as ar.senite or arsenate ion. 

The contciiits of the dialvser, thus romplotely extracted with 
water, are, as a rule, best exainiiuid atonci! for metal conijiounds 
insoluble in water ac(H)rdmg to Se(;. 203 ; in many cases, however, 
it may be advisable, especially in determining the stage of oxidation 
or the <u)n(iitiou of (combination of (compounds of arsenic or other 
metals insoliihh^ m water, first to heat the contents gently with 
dilute hvdrochlonc acid, and then to subjAn^t them again to treatment 
by dialysis. 

if it is not de.sir('d to insi^rt a test by dialysis between the two 
treatnient.fi of the material under e.xamination according to Secs. 200 
and 203 (the (ixamination is naturally protracted), the remaining 
third of the material is used for the test by dialisis, in the event of 
a metallic poison having been found, for the j)Urpose of determining 
more diTinilcly the stage of oxidation and tlu^ form of combination 
of the metal, {(■/. (31!))), and this method of opicration will in most 
he found to be [iicfcrable. 



732 PRACTICAL METHODS FOR SPECIAL CASES rat. ii 


C. Method of delecting areenic, in whatever forrti of combination it is 
•present, affording a nwan.s for its gravimetric estimation, and for 
determining the presence or absence of all other nietaUic poisons. 

Sue, 202. 

298. If. in thc])roccss p;ivori in A., ncitJier white* {irsctiic nor elementary 
arsenic was found in soliil form, and in the course of dialysis no 
arsenic. c.<)nij*onnd soluhle i?\ water or dilute hydrocliloric. acid, it 
will he necessary to test the material for the juirpose of determining 
whether arsenic is ])resent in any other form. It was pointed out 
in »Sec. 109 that such detection must not always he taken as an 
indicalion of arsciDc. poisomni/ ivifhout furll/cr protf Let us admit the 
criticism based on (huitier’s statement that arsenii; in small quantity 
forms a iiorimtl coushfuent of the Imman body may Ix^ dismissi'd, 
since this statement of (.hiutier's lias not been confirmed ])y the 
repeated cxjierirnents of otfier invostij'ators, or at least lias lieen 
rcco<j;nised as bein<^ practically without sijfniilealici*.! t)n t.lie otluT 
hand, however, it should he noted tha,t traces of arsenic ma.y certainly 
he found in tlie bodies of arscnii* caters, and cspei-ially that the urine 
of peojile who have been treated with salvai'san or other m<‘dieinal 
arsenii^ ])rc[)arations may contain arsenic for weeks, and that arsenic- 
is .sometimes found in the hair and muscles of such persons, us W(‘U 
as bciii<i eliminated with tlu'ir f:ee(*s.- 

In the examination of exhumed bodies tin* fact slnuild be borin^ 
in mind that tin; soil ot cruulcncs frequently (‘fmtains a 2 i[ireeiabIo 
fpiantities of arsenic. The arsenic in soil (annol In* dissolved by 
pure wafer, but it is convcrt<*d into soluble eonijiounds l)y mould 
fungi, as also by alkaline water, and especially by juitrefying liquids. 
The force of the conclusions to be drawn from llie dcteiition of arsenic 
in an exhumed body is, thoieforc. considerably atl(*(d-(*d if, after de¬ 
struction of the collin, earth (containing arsenic had come in direct 
contact with the decaying ])arts of the dead liody ((1. Ikijip^). Ac¬ 
cording to JI. Liihrig tests should be made in such cases to sec whether 
other l)odies (not ojicn to suspicion) from tlic same cenictory are, 
under the same conditions, free from arsenic. 

^ Kodiniosor, Zcil-^rh. phi/sioL Ckim.,3Z, JJIO (1001). K. C/.ci'ny, JhtfL, 34, 
408 (1902). Dennstedt, Btr., 44. 10 (1011). J. Krattor, Beitmge ziir Lthre 
von den VertjiJhnujen, lOOo, p. 13. W. II. BIiHuncndal, Arch. d. Vhorin., 246, 
613 (1008). 

2 A. Valenti, ('hm. Zodr., 1012, I.,2040. Vr<!nkel-lh*i<lon and E. Navas- 
sart, Jbid., 101.3, III., 788. ... 

ZnUrh (hdn.s. Nahr. C/Vnaw., 14, 38. also F. Krattcr, Wimrr klic 
Wuchtiisdir., 1800, No 47. 
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Deductions from t^ic results obtained froni tlie examination of 
tlio remains of cremated bodies should be made witli caution. In 
itself the detection of arsenic poisonin^^ in sucJi rtunains is ((uite 
possible, since, as was found by (h i\[ai and IJ. Durt.^ any arsenic 
administered remains as arsenate in the ash (*f tiie bones wlnm cal¬ 
cined. In siK^li cases, however, hm/c pieces of bone, sUll intacfy 
would have to be used for the detection of arseni(\ and should be 
(doansed from foreign matter by scraping (hem with pieces of glass, 
since, in cont»‘ast to tliimi, tiie puhrrub nf piuiioiis of the ash of the 
body ina\'*c,ontain arsenic originating from tlie iron nails or screws 
of the collin. Jiiven the detection of arsenio in large pieces of bone 
cannot be consclercd ]iroof of arsmiic jioisoning if the body was 
cremated in a zme collin. liecaiise tin* latU'r is also partly Imrncd, 
so that zinc, oxide containing arsenic may possibly conn* in coiiia(d; 
with the boni's. from which it cannot bi^ removed or only witli 
difliciilty (see Mii\ -). 

It IS e.ssenl'ial for the ehemist to know ivjnr/f porfiotts of the body 
submitted to him are of the most imjioitaiK'e in the examinal.ion for 
arsmuc. According to M. Jjudwig,'^ arsenic may be much iiuu’e 
easily detei-ti'd in bones, in the case of botli acute and chronic arsenic 
]Kijsoning, altliougii only absorbed by them in small rpiantity. It is 
found in larger quantity in the organs, esjieeially in the liver, and 
next ill the kidinys ; the deposit of arseiih; in tin* brain and muscles 
is considerably less. The liver -and possibly also tlie kidneys— 
arc, tlierefore, the nio.st suitable objects for cxaniiiiiition for tlie 
forensic clicmist, whilst the stomach and intotines are almost 
useless if doatli does not take jdace until se^'l*r.■^l days after tJie jiojson 
has impregnated the body. In the case oi cl/rnntc (los<‘s of arsenic 
(arsenic treatment), the arsenic aiaaimulates j.«) a large extent in the 
nails, hair, and skin. Arsenic is therefore not infre(juently found in 
the hair, iwen wlu'ii it cannot be tletecled m other organs ; tliis is 
because many of our daily foods contain arsi'nic.'^ 

If there js a suspiiuon that a post-mortem introduction oi poison 
has taken place, it sliould be noted that, ai^cording to D. Strassmann 
and A. Kirstein,^in siu'.h cases, if the jioison was introduced into tJio 
stomach, the arsenic is found in greater (piantity in the left kidney, 
whilst the right kidney is free from arseniic or has only alisorbed 

* '/.! lisck iiii'j'-W' ^7/r/a..l7. lUOl. 

- '/,! il.'iih. iiMil. ('hem , 43, U17. 

3 IbuL. 20 008 . 

' VV'. II. IMeoiiic“Ui.lal, .l/v7/. rf. I’lianu , 246, 004 (1008). 

^ Ze.itsch. cnuil. Chein.y 32, 518 ; 36, 347. *■ 
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traces thereof. In such cases, therefore, the chemist should make a 
separate examination of each kidney, the result of which i.s strength¬ 
ened by a separate examination of the left and right lung, as also of 
the left and r-'glit sections of the liver. When tliere is reason to 
supj)Ose that the jioi.son ha.s been introduced into the body (dsewherc 
than the stomach, tho.se organs in proximity to such parts and 
those at a di.stamte from them should be examined separately. 

Nce<llc.ss to say, oid\' vessels and reagents must be u.sed hir the, 
examinations described below whie.h have been proved by careful 
I'hoice and testing to be free from arsenic eoinjiounds, and, in fact, 
free frcjin heavy metal comj)onnd.s and all impurities. The chemist 
who is con.stantly otaaipied with forensic jMusonmg te.sts would be 
well a.dvised to dc\'ote a separate ])art of his laboratorv .solelv to t.liese 
examinations, and to furnish it with sejiarate ii[j])anitu,s iind reiigiuits, 
'J'he vessels in which the necessary tested reagents Jire kept should 
be labelled in ditferent writing or ui a dillerent colour, red, Iroui 
the stock vc.ssels in the remainder of the laboratory. 

The lirst process deseiibed is practically the one which U. h’le- 
seniiis worked out so far back as ItSlI in us.sucration with h. von 
Babo.i lie u.sed it fre<|uen(ly himself, and .saw it used under Ins 
own supervision, and it always jiroved trustworthy. Wi‘ also bare 
had the same exjioi ienec with it, and its accuracy anil sensitivene.ss 
have, been confirmed and admitted in other directions. In foreii.sic. 
cases it has the great advantage over .Marsh's method, that it leaves 
the way clear for a test for all metallic jioisons without other treat¬ 
ment. w’hieli is not the case with that method. 

299. The. procc.ss re.quire.s the followu'iig reui/e/it.s and other chemicals, 
which can now be more readily obt,'lined free from ai'senic than was 
formerly the ea.se, but for the preparation and )iuri(ieation of which 
the necessary instructions are nevertheless given here. 

1. Ilijdrovlihiric iicid of S|). gr. TIO to TJ2. 'I'o prepare it from 
the cominereial hydrochloric acid containing ar.seiuc. the latter, 
which should have a sp, gr. of at least 1 17, is treated with a con¬ 
centrated solution of stannous ehloride in the same hydrochloric 
acid, and in such quantity that after 21 hours a jiortioii of the 
mixture, when treated with mercuric chloride .solution, still gives a 
white precipitotc, showing that stannous chloride is jiresent in excess. 
The brown precipitate, containing all the arsenic and a little tin 
(Sec. 89, 15), is allowed to subside, the acid sejiarated from the 
precipitate by decantation, and, if necessary, by filtration through 
* Liebig's Ann. d. Chem., 49, 308. 
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an asbestos filter, introduced into a retort, treated with a sufficient 
quantity (1 to 5 per cent.) o£ wulium chloride free from arsenic (if 
crude acid containing sulpliuric acid was originally u.sed), and dis¬ 
tilled into a receiver without attac.hineiit containing (10 parts of water 
to every 100 parts of hydrochloric acid us(‘d, the distillation being 
continued until neajly all the acid has passed over. Or hydrochloric 
acid as concentrated as |)o.ssible (of .sp.gr. 117 to I'l!)) is distilled 
with ferrous chloride.;. The first ;!() jier cent of the distillate col¬ 
lected contains arsenic, wliihst the following (iO per cent, is free from 
arsenic, airtl has the reipiircd strength (II. Hcckiirts >). h'inally, 
hydrochloric acid fri'c from arsenic may he jircparcd by distilling 
sodium chloride with siiljiluiric acid, both of which have jireviously 
been completely freed from arsenic by the methods dc.scribcd below 
(Nos 5 to 10). 'rhe fidlowing methods are suitable lor te.sting 
hydrochloric acid for trace.s ol arsenic. («) (.Ine litre of the acid is 
heated with a little pare ferrous chloride ill a distillation apparatus, 
anil the first "lO c.c. collected tested by means of arsenic-free, zinc, to 
iloterniine wlictlier, when tested by the inctiiods described in >Scc. 
'J2, 9, c and/, it is free from arsenic, .also whether it leaves any trace 
of an arsenic depirsit in the glass tube of the ajiparatiis described in 
Sec. 89, 12, even when the test is continued for a long time. (6) One 
litre of the acid is ovaiioratoil to a small residue (after the addition 
of sutlie.ient water to reduce the specific gravity to at most I'Kfl, and 
of (t f'lv granules of pure potassium idilorate) in a basin of jmre porce¬ 
lain, a little water being added from time to time, and the residue 
then tested in Afarsh’s apiparatus as described in 

The frrrous r/ihndc for use in the test («) is prejiared by dis- 
■solving iron wire in hydrochloric, acid of sji. gr, TIO to T12, the 
solution being continuouslv heated m a small distiilafiion apparatus. 
When no more arsenic can be detected in the distillate, the remainder 
of the solution is free from arsiuiic. 

2. FoUis.siiiiii, c/iloriitr. The commercial jiroduct is jmrified, if 
neces.sary, by reiieatcd re-crystallisat.ion, one part being dissolved 
each time in twice its quantity of boiling nater, or treated in the 
manner described in No. 10. To test it, a fairly large quantity is 
finally re-dissolved in twice its weight of boiling W'ater. and allowed 
to crystallise, being stirred from time to time. AVhen completely 
cold, the crystals are separated by means of a Witt filter plate, 
the resulting mother liqu or decomposed by heating it with dilute 

‘ /joilsch. arud. Chem., 24, 483. 

“ R. Otto, Anleiluiig zar Ausmittelung der Gi/k, 7tli cd., p. 103 (1890). 
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hydrochloric acid free from arsenic, and lastly one portion tested 
for the ions of heavy metals in ^^eiioral, by treatment with hydroj^en 
sulphide and ammonium sul])hide, and another portion cvaj)orated 
to a small residue, with tlu^ o(;(‘asionaI addition of a little water, tliis 
residue left on the water bath until the odour of chlorine disa[)pears, 
and its solution tested in Marsh’s a)>]»aratus. 

3. Hydrofjvn sulphide. The produced by the action of 
hydrocdiloric acid or sulpliurie- acid on iron sulphide often contains 
a little hydrogoji arseiiide, owing t-o the ])resenec of aiseni<^ in tlui 
original substance, and eonse<jtiently, in fonmsic examinations, should 
not be used or at least onl}" aft<'r b('ing ])rcviou.sly purified. Tor 
the latter purpose, a process devised by 0. Jacobson ^ is the most 
suitable; it depends on the conversion of liydrogen arseimh', by 
means of iodine at the ordinary temporatui'C. into arsonious iodide : 

AsllgH 3r2==Asl3+3HT 

whilst hydrogen sulphide does not act upon solid iodine. Tlio 
hydrogen sulphide is <’,on(lucted through a U-tu]»e about 17 cm 
high and 15 mm. wide, in which coarsely giound air-driod iodine is 
loosely packed in layers betwecui glass wool. A (•alciuni cliloride 
cylinder is placed in front of the iodine tube and a washing flask 
witli wat(ir liehind it.- The prepurafion of fjas from suhsiujiees free 
/roiM('em'///c.including alkaline earth sulpliides. is safer than purifying 
it. According to Kosmamfs <onimiinication, llivot used harimn 
chloride 50 y(‘ars ago; K. Ottorecommends calcium sul])liide. 
iJe gives the following directions for its prcjiaration and the 
evolution of gas from it. and we liavi- found them satisfactory. 
Seven parts of <‘alc.ined gy[>sum, thre(! j»arts of jiowderod charcoal, 
and one j)art of rye meal are mixed to a still paste, and this mad<‘. 
into balls or rolls, and comjileteJy dried and ignited at a bright 
red heat. - The balls are placed in a Woulfe flask, om* tubulure of 
which is fitted with a drojiping funnel [irovid(‘(l witJi a ta-]), wliilst 
an outlet tube for the gas is attached to the other. If pure hydro¬ 
chloric acid is allowed to drip from tin* funnel on to the. calcium 

* Z>ilsrh iiiioL chill}, 29, 737; cj. ul.'^u (>. I>njnn, rView?. Zentr., 1888. 
1376; Z<1. 11. SkfHijp, Zfil--«'h. hikiI. ('him., 37, 322. 

^ Other jnt.'theds of piinlicatioji depend on the eonihination of hydrog(“n 
Hulpbide witli niagne.Ma to forjn ?nnene.siiiin hydrogen snlpliide, froni the 
solulion'of wineh a g.i.s flee fioni ar.'^erne is ohfanieil on heating (Divt'i's and 
.Shinndzn, Zcit'^ch. andf. Chnn., 24, 243), oi on passing the gas over potas-siuni 
sulphi(h’ heated to 350'^ (O. v. d. Tfordliui, Ihr., 17, 28!)7), or on washing the 
gas by moans of a system of flasks containing hydrochloric acid of variou.s con¬ 
centrations (W. Lenz, Zciin<-'h. anal. Chcni.f 22, 303). 

® Ai\leithiv) zur AusmiUdiing der Gifte, 7th ed., p. 175 (1896). 
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chloride (treated with jvater), a fairly steady current of pure hydrogen 
sulphide will be (evolved, especially if the vessel is sutrK'iontly shaken. 
In the particularly suitable inetluxl (h'vised l>y K. Fresenius ^ four 
]>arts of the calciiun sulphide. ol)taiiie(l us descTii)ed above, are 
mixed with one part of calcined gypsum and the recpiisite (quantity 
of water to a thick [)aste, this laid on square Hat [>aper capsules, the 
hardoned but still moist mass taken out. and the slabs, which are about 
1") mm. thh^k. cut into culx's and dmal at a gentle heat. These are 
then d(‘Composed in a Kipp's apparatus witli pure hydroc,hl<>ri(“ acid.^ 
To fvst the^hydrogoM sulphide, it i.s introduced in suflieient (quantity 
into hot ])ure nitrn; acid, tlu‘ lattrn- evaixuated, subseipnmtly with 
the addition of pure sulplairii^ acid, and the residue tested in Marsh's 
iipparatus (Zd. Skraup). 

d. it('d fuiiini(] mine ocid. d'his may be ])re]>ared by distillation 
of sodium nitrate with sulpliurie acid, botii of which havi* previously 
been comj)I(‘tely freed from arseiiie by the metJiod given below. 
For the [)urj)ose of the test, a fairh l;i,rge portion is evaporated as 
eomjilotely as possilih' in a ponadain dish, on the water batii, with 
a few c c. of sulpliiirii^ acid free from arsenic and the residue heated 
oil a sand fiath until suljdiurii^ acid vapours begin to b(‘ evolved. 
When cold, it is taken up with water and tlie aijUeous solution tested, 
on the one hand, with hydrogen sulfihide and ainmoniuin sulphide, 
and, on the other, in Mar.sh's ajijiaratus. 

o. Conci’htroial sulphuric acid. According to Lockemann,3 
()urifi(aitiou is liest based on the behaviour of hydrogen chloride with 
arsenious and arsenic acids, which may be expressed by tJie following 
formula : — 

Jf3AsO;j+3Tl(;i $ AsOI;, I -iHoO 
H.^As 04 +r,}ICI As(.'1:j j Ul^O fCIo 

If the products of reaction shown on the right are allowed to 
volatilise., and fresh hydrogim cldoride repivatedJy addl'd, all tin' 
arsenic must finally be expelled. Jlydrogen cldoride is then con- 
timially introduced into sulphuric! acid In'ated to about 250° in a 
porcelain vc'ssel, which is nii'anwhile rotated (nn'rcury seal) ; the gas 
evolved gradually carries olT all the arsenic, and is absorbed in water. 
The test is made, after dilution with water, in Marsh's ap^iaratus, 
pure zinc being used. 

* ZeUsch. anxil. Chem., 26, 3:J!> (1887). 

With regard to other methods for obtaining hydrogen .sulphide free from 
aisenic,(/. Zvitsch. mwl. ('hem., 23. 280; (). v. d. Pfordten, Tier., 17, 2898; 
W. Tlainpo, Zeitseh. <nmL (',’he7n., 31, r>.')7 ;..J. H. JVlichler, //>»/., 37, 322 ; 41,370. 

® d. Oes. Devtsch, Naturf. Arzir, 79. \'ers. zii liresden, 1907, II., 

1 , UTy. 
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6. Zinc. According to R. Otto,i zinc free from arsenic 
can, generally speaking, only be prepared from pure zinc oxide free 
from arsenic; it must, therefore, be bought and carefully tested. 
For this purpose the whole quantity is fused in one operation and 
granulated. If, on testing, part of the quantity is found to be j)ure, 
the whole mav be considered pure. The absence of arsenic is de¬ 
termined by means of Marsh’s apparatus, a not too small quantity 
(up to 50 grm ) being compleleli/ dissolved in sul])huric acid free 
from arsenic. The zinc must not only be free from arsenic, but also 
ab.ioliiteli/ free from miial mlfhidc.'i, since otlierwise in Marsh’s test, a 
yellow mirror of arsenious sulphi<le may be formed instead of a 
dark arsenic mirror. 

7. Soaimn cnrhotnite. An ab.«olutely pure salt is best obtained 
from sodium hAalrogen carbonate. The latter is first placed in a 
funnel looselv packed with cotton wool, or in a small porcelain dish 
covered with filtci- papiu. treated several times with small quantities 
of cold water, driial, and finally converted into c.arbonate by heating 
it for half an hour at ^TO" to on the sand bath, with continual 
stirring. It should dissolve in water to a <'lcar solution ; the solution, 
when heated with nitric acid and ammonium molybdate solutions, 
should neither turn \'ellow nor give a yellow jirccipitate : no jirecipi- 
tate should be formed by hydrogen sulphide in the solution acidified 
with hydrochloric acid, or by ammonium sulphide solution in the 
neutral solution. The solution of the salt, acidifieil with nitric, acid 
free from arsenic, is tested in .Marsh's ap])aratUH. 

8. Pola.'fsium. r.i/nnide. When continuously heated in a small 
porcelain boat in the apparatus described in Sec. 81t, 17, a mixture 
of one part of the salt with three parts of sodium i-arbonate free from 
arsenic should not show any trace of a dejiosit in the glass tube. 

9. Sodium nitrfite. I’urification is carried out on the lines 
described in 10. It shouhl dissolve to a clear solution in water. 
When heated with a .solution of ammonium molybdate in nitric 
acid, the solution should not give a yellow jireci|)itate ; no jirccipitate 
should be formed by hydrogen suljihide in the acidified solution, nor 
by ammonium suljihide solution in the neutral solution. A solution 
of the salt is evajiorated on the water bath with an excess of sul- 
jihuric acid free from arsenic, fresh water being continually added, 
the residue is heated on a .sand bath until the first ajipcarance of the 
vajiours of suljihurie acid, cooled, taken up with water, and tested 
in Marsh's apjiaratus. 

I Anletliimj ztir der Qifte, 7th ed., p. 189 (189(1). 
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10. Sodium chloride and other neutral salts, o.g. also potassium 
e.ldorate or sodium nitrate, may, ac(3(ir(lijig to G. Lockoiuann,! be com¬ 
pletely freed from arsenic by mean.s of the propert.ies of adsorption 
of ferric hydroxide. 900 mgrms. Fe(011)3 are suflicient at a tem¬ 
perature of 2.3° to remove .50 mgrm.s. of arsenic from almo.st .saturated 
aqueoiLs .salt solutions, the reaction is .somewhat weaker at a higher 
temperature. The re.spective neutral or slightly acid .solution i.s 
treated with iron alum solution, just suflicient ammonia solution 
added in the cold to precipitate the hydroxide completely, and the 
liquid filtered after half an hour’s standing To test the .salts ob¬ 
tained by cry.stallisation from the solution.s thus treated, the pro¬ 
cedure given in connection with .sodium nitrate .should be followed. 

11. Etller paper, h'ilter papers washed with acids should be used 
(p. 39). They are tested by placing a number of them inside each 
other in a glass funnel, the tube of which is fitted with ,a tap. The tap 
is closed, the funnel filled with hydrochloric acid free from arsenic, 
and. after being covered, aflow'cd to stand for half an hour. The tap 
is then opened, the acid allowed to drain off, the filter washed with 
a little water, and the filtrate, tested as in 1. 

12. Glass Lubes. It is essential that the tubes used fur the 
reduction test of H. b’re.senius and von Babo (311), or for the pro¬ 
duction of Marsh’s ar.scnic mirror (320), should be of gla.ss free from 
arsenic, since otherwise —especially when in Fresenius and von 
Babo’s tost the fuseil mixture comes in contact with the glass when 
it froths uj) or spurts- -ilcceptivc mirrors, due to the arsenic con¬ 
tained in the gla.ss, may be obtained. To test the tubes, a blank 
Fresenius and von Babo test (omitting tlu' little boat) or Marsh test 
should be made, only reagents absolutely free from arsenic being 
used. At one time glass tubes free from arsenic were difficult to 
obtain,” but they can now be readily jirociircd. 


Sjso. 2(f3. 

We now come to the actual method of procedure. The mass, 300. 
diluted during elutriation in the process A., i.s eva]iorated in a porce¬ 
lain dish on the water bath until it is of a luisty consistency. (If 
it wa.s acid, jiure sodium carbonate should jjreviously be added until 
it is slightly in excess.) To this residue is added (if it was not done 

^ Vnrhandl. d. Oes. I)entsch. Naturf. Arzlc, 1\), \<'rs. zii J)rcs(Jen, 1907, 11., 

1, l-ir>; cf. also /j'‘itsch. anal, ('hem., 51, 717. 

^ W. ProHoiiius, 'AnUih. anal ('hem., 22, 397 (1883). K. Ottl>, 
znr Aasmitteliinij dn (lijit, 7th ed., p. 211 (1899). 
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during dialysis) two-thirds of the cut-up stomach, intestine, etc. If 
other portions of a body are to be examined (lungs, liver, etc.) they 
should also he cut into small jiiece.s, preferably with scissors, and 
two-thirds used ‘for the test. As a rule- and apart from the .special 
cases mencioned on p. 734—it is advisable not to mix the various 
organs, but to examine them so]iaratcly, as only then can a con¬ 
clusion be drawn from the quantity of arsemic found in the individual 
organs, and from the known average weight of th<i organs, as to the 
total quantity of arsenic jiresent in the vs'hole body, a point wliicli is 
of the greatest importance for medical and legal experts. 

Should for any reason theobjects under examination contain alcohol, 
it mn.st always be removed first by evaporation on the water bath. 

The exairdnation is divided into three sections :— 

101. 1. Decolorinalio)! and tiokaion. Sullicient pure hydrochloric acid of 
sp.gr. I'lO to 1'12 is added to the objects in a porcelain di.sh 
(the quantity of which may, as an example, be taken to be 
100 to 2.50 grms.) until it.s weight is approximately the sann^ 
as that of the dry substance in the mixture, and further, sufficient 
water to give the whole the consistency of a thick jjaste. The 
hydrochloric acid added should never be more than a third of the 
whole liquid present. At the outset about 2 grms. of potassium 
chlorate ' are added, and the mixture heated on the water bath. 
When the liquid has reached the same temperature as the bath, 
further quantities of O'.i to 2 grms. of potassium chlorate are 
added at intervals of ,5 to 10 minutes, with constant stirring, until 
the contents of the dish have become fairly homogeneous 
mobile, and, as a rule, pale yellow, and retain this colour on 
further heating for 1.5 to 30 minutes. The evaporating water 
should be replaced from time to time. When this ))oint has 
been reached, a little more |)otassium chlorate is added, and the 
dish removed from the water bath. When quite cold, the 
contents are carefully transferred (according to the quantity) 
to a linen strainer or a filter, the liquid allowed to drain off, 
and heated for a while on the water bath (the evaporating water 
being replaced) until the odour of chlorine has entirely, or almost 
entirely, disappeared. The residue, which we will call I., rs 
thoroughly washed with hot water, dried, distinctly marked, 
and reserved for tether examination as in (313). The washings 

^ If no iJotassium ion is to be introduced into the mass, jmio chloric acid is 
recommended instead of potassium chlorate by Sonnenschein and Jesorich as 
producing the best results, rf. ZeilsAt. intal. C7iem., 22, 472. 
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are evaporated 911 the water bath to al)Out 100 c.c., and this 
liquid, together with any precipitate formed in it, added to the 
main liltrate. 

When mercurij is pre.sent, it mu.st, under omtain condition.?, 
he taken into account tliat a ]iortion of it will not have been 
di.sRolved. At lea,st, M. T. Ijccco ' reports that in a case of 
lioisoning with metallii^ mcroirv tlie particles which remained 
in the stomach could ea.sily l)(> removed, .since mercury' i.s only 
dissolved with diliioiilty by hy'drochlonc acid and potas.sium 
chloriite. l<'urther, E. Eudwig 2 points out th.at mercuric ion 
can form mercuric sulphide with the, .sulphur of jiroteins, and 
that this requires a considei'ablc quantity' of potassium 
chlorate to render it soluble, h’or the.se and other reasons, 
the y'ellow crumbly ma.sse.s which are obtaiued on the 
destruction of organic substances by' hy'droohloric acid and 
jiotas.sium chlorate ma_v, according to E. Tjudwig,^ obstinately 
retain mercury' (u[) to 10 per cent, of that present). This 
difficulty may bo overcome by' decomposing the proteins of the 
object under examination by' heating it tor .several hours with 
hydrochloric acid prior to the oxidation with pota.s.sinm chlorate. 
This is not pcrmi.s.sible, hoyvcvcr, if a test for arsenic is to be 
made. In view of all these possibilities, ]iortioiis of the mercury 
can remain in the residue I. {cf. (31.'!)). 

K. Erc.sonius found after repeated tests, in which the same 
strengthof hy'drochloric acid yv.as u.sed(l part of acid ofsp.gr. ri2 
and 2 jiarts of water), tliat the frequently' expressed tear that in 
the methods described arsenic, antimony, or tin would volitHUse 
was witkovt foundution . 

In the ca.se of urine, treatincnt with hydrochloric acid and 
potassium chlorate is usually' unnecessarv. It may', as a rule, 
be subjected directly to the treatment with liydrogen sulphide 
descrilied in (.'102), after acidilication with hyilroohloric acid. 

Olh’r itwllunU for the, dcsiruclion of oiyoine, substances have 
frequently been descrilied. A summary of them has been 
given by B. J. Gadamer* (rf. also (281), (28.'‘i), (.321)). 

2. Treatment of the solution with, hi/drot/en sulphide {separation as 30 
arsenic sulphide of the arsemc, ton present,, or separation of all 
metallic poisons of tlte, fifth and si'Jlh tjroups as sulphides). 

> ft r., 34, IrtS (18(11). 

* Chem. Zenir.y 1892, IT., 941. 

® Zntsrh. ami. (,'hem., 30, 054 (1891). * 

* Lchrhuch. d. chemischen Toxikologiet p. 141 (1909). 
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The liquid obtained in 1 (about four times the quantity of 
hydrochloric acid used) is placed in an Erlenmeycr flask, heated 
on the water bath at 70°, and a slow current of washed hydrogen 
sulphide passed through it for about 12 hours; the liquid is 
allowed to cool while the introduction of the gas is continued, 
the inlet tube for the gas rinsed with a little ammonia solution, 
the ammoniacal .solution obtained added to the main liquid 
after acidification, and the flask containing them covered with 
filter paper and allowed to stand in a fairly warm place (30°) 
until the odour of hydrogen sulj)hide ha.s almost disappeared. 
The resulting precipitate is collected on not too large a filter, 
and washed with hydrogen sulphide water until the washings 
no longer contain chlorine ion. The filtrate and the washings 
are evaporated after renewed saturation with hydrogen sul¬ 
phide. If a precipitate separates, it is filtered off, washed, and 
added to the main preeijiitate proilueed by hydrogen sulphide. 
The filtrate, concentrated by' evaporation, is treated in a fla.sk 
of suitable size with ammonia .solution until the reaction i.s 
alkaline, then with ammonium sulphide solution, and the almost 
full flask tightly corked, and allowed to stand lor a while until 
required for testing as in (.317). 

03. 3. PiiriJicatioH of the precipitate produced bij hi/drogeu sulphide. The 
preci])itate obtained in 2. which, in addition to organic .sub- 
stance.s and free sulphur, must contain all the arsenic in the form 
of arsenious sulphide, as, in fact, all the metallic poisons of the 
fifth 1 and sixth groups as suljihides, is thoroughly dried, with 
the filter, in a small porcelain dish heated on the water bath; 
pure fuming nitric acid, in ])articular free from chlorine, is added, 
drop by drop, until the whole of the precipitate is moistened, 
the whole evaj)orated to dryness on the water bath, and, if 
necessary, this treatment with nitric acid repeated. Pure 
concentrated sulphimic acid, ])reviously heated, is added to the 
residue until this is uniformly moistened, the mixture heated 
on the water bath for two or three hours, finally at a somewhat 
higher, though always moderate temperature (170°) in an air, 
sand, or oil bath, until the carbonised mass is of a friable con¬ 
sistency, and until a small sample (to be added to the whole 

^ Lead sulphide and cadmium sulphide are not precipitated from rertf acid 
solutions. Should, for this reason, the lead or cadmium ion have remained in 
solution, it will bo found in the precipitate produced by ammonium sulphide 
solution (3171. With regard to mercury which was not precipitated, cf. (301) 
or (313). 



SEC, 203 METHODfi OF DETECTING ARSENIC 743 

later), mixed’witU water, yields, on settlinjf, a colourless or almost 
colourless, but not a brown, liquid. Should this not occur, but 
the residue consLst of a brown oily liquid, a piece of pure, well 
washed and dried filter pai)er is added, and Uic heating con¬ 
tinued. The temperature may be safely raised until sulphuric 
acid vapour begins to escape ; no loss of arsenic need be feared. 

If these rules are observed, th(^ objeid in view, i.e. the destruction 
of organic substances without the loss of any metal, will have 
been satisfactorily attained. Tin! residue is heated on the 
wate" bath for a short time with a small quantity of a mixture 
of 8 parts of water and 1 part of hydrochloric acid, the liquid 
filtered, the residue rej>eate<lly wa.shed with small amounts of 
hot distilled water to which a little hj'ilrochloric acid is added, 
the washing completed with boiling water, and the last wa.shings 
(if necessary concentrated by eva|)oration on the water bath) 
added to the filtrate and the first washings. 

The washed carbonised residue, which we will call H,, is dried 
and put aside, distinctly marked, for further tests as in (314). 

4. 1‘rcliininnrj/ text/oi (irxciiic iiml oilier mriitllie jmsom of iJie JifthSOi. 
and xisih ifroujix (xecoiiil, precipiUdnm leilh hydrogen sulphide). 

A small portion of the clear or at most slightly yellow liquid 
obtained in (3().'i), which contains all the arsenic as arsenate 
ion, and may also contain the ions of tin, antimony, mercury, 
cop|ier, bismuth, and cadmium, is gradually and carefully 
saturated with a mixture of ammoninm carbonate solution 
and a little ammonia solution, and note taken whether a pre- 
cipit.ate is formed or not. When l.his point has been decided, 
the sample is acidified with hydrochloric acid, whereby any 
precipitate resulting from the ammonium carbonate re-dis- 
solves, the .sample returned to the mam liquid, and this treated 
continuously with hydrogen sidjihide exactly as described in 
(,3(*L’), first with gentle heating and then without heat. 'I’lirce 
diltcrent results may be obtained, which must be carefully 
distinguished. 

(a) For some lime no precipitate is formed hij hydrogen sulphide, 305. 
but on standing a slight precipitate of a white or yellowish- 
white colour is produced. In this case there are, in all 
probability, no ions of the fifth and sixth groups present. 
Nevertheless, the separated and washed precipitate is 
treated as in (308), in order that even the smallest traces 
arsenic, etc., may not be overlooked. 
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306. (b) A ■pure yellow precipitate of the colourtof arsenic sulphide is 

formed. A small portion of the liquid is taken, together 
with tlie i)recipitate .suspended in it, a little ammonium 
(■arboimtc added, and the whole shaken for a while without 
being heated. If the ])r(H ipitatcdis.solvesreadily and, except¬ 
ing f<jr a trace of sulphur, completely, and if no precipitate 
was formed with ammonium ,sul)ihide when testing a sanqilc 
in (293), then arsenic hut uo other metallic poison is ])re,sent 
(at least no appreeiahle quantily of any other, i.c. tin or 
antimon}', is present). The solution of the small sanqile 
in ammonium carbonate is treated with hydrochlorit! acid 
until the reaction is acid, the sample thus acidified returned 
to the liquid containing the main precipitate, and the 
examination continued as in (308), If, on the other hand, 
the preci]iitate does not dissolve or only incompletely in 
ammonium carbonate solution, or if a jirecijiitate is formed 
in the test with ammonium carbonate in (301), there is 
reason to assume that another metallic poison is jiresent, 
pos.sibly in addition to arsenic. Hydrochloric acid is also 
added to the sain|)le in the small tube until the reaction 
is acid, the. mixture returned to the liipiid containing the 
main precipitate, and (he e.xaniinatioii continued as in 
(.309) 

307. (c) A precipitate of another colour isfouiird. It must be assumed 

that other metallic poisons are jiresent, possibly in addition 
to arsenic. The e.xamination is made as in (.309), 

308. 6. Trealmenl of the purr hi/ilroi/rn sulphide precipitate, if there is 

reason to as.sume in (.30(1) that arsenic is present. Craviwctnc 
estimation of the arsenic. As soon as the liquid treated with 
hydrogen sul|ihide in (.304) has almost lost its odour of the gas, 
the yellow precipitate, is separated on a small filter w’hich has 
been dried at 1(KJ° and W'cighed, washed ftrst with water, then 
with ab.solutc alcohol, and finally with jiurc benzene or petroleum 
spirit, in order to remove any .sulphur mixed with the arsenious 
sulphide. When the benzeiio or jietroleum s}iirit has been 
removed by the renewed use of absolute alcohol, the filter 
containing the preeijntate (if the quantity of this is considerahle) 
i.s dried .at 10(i“ until the weight i.s comstant. If, on the other 
hand, the [)reci|iitatc is very sligfit, it is freed from any sulphur, 
washed with water, and dis.solved in ammonia solution, the 
fdter )[on which, in this case, nothing insoluble can have 



SKO. 203 METHODS OF DETECTING ARSENIC 


746 


remained) is thoruughly washed with dilute ammonia solution, 
the ammoniacal liquid evajjorated in a small, carefully-weighed 
j)orcelain crucible on the water bath, and the residue dried 
at 100° until it no longer loses weight, and tluSi weighed. If, 
after reduction as in (311), it was evident that the former jire- 
cipitate or this residue consisted of perfectly pure arsenious 
sul[)hide, each part of it corri'sjionds to (i 8042 part of arsenic 
trioxide or () (!0'.)2 part of arsenic. The treatment of the pre¬ 
cipitate, or of the residue in the crucible, is then continued as 
in (3fl). 

0. Treatment of the pure li,jjilro<ie)t sulphide preeipilute, if there is 309 
rcddion to assume in or (.‘>07) iJiat another metallic poison — 

jmssihly in addition to arsenic—is present. Separation of the 
■metals from each other. (Iravimctric estimation of the arsenic. 

If there is reason to assniiie that other juetals are jiresojit— 
possibly in addition to arsenic—in the lifjnid ti‘<‘ated in (‘3(M), 
the precipitate is /iltored oh' (as soon as the (iriM-ipitation with 
hydrogen su!j)hido is <{uito (;onipI(*t(^ an<i the odour of tlie gas 
has almost disappeared) on to a small hanloiied filter, thoroughly 
washed, the point of the filter pierced, and t he pn'cipitate wuslied 
by means of a jet witli as littl<^ watm* as possible into a small 
flask placed Iienoath it. The licjuid in which it is suspended is 
treated first with ammonia .solution an<l then with ammonium 
sulphide solution,^ digest«‘d for a while at a gmith* heat, then 
filtered from any iii.sfdiible pn‘ci])itate Avhudi is left. The 
jirecipitate, whicih we will call III , is waslu'd off tlie jierforated 
filter with a jet of water and put on one side, carefully marked, 
for further e.Kaniination as in(.‘>ir)). 'I’iie solution or the filtrate 
is evaporated to dryness, together witli the washings, in a small 
j)orcelain dish. The residue is treated witli a little pure fuming 
nitric acid (free from chlorine), the acid almost comjilctely 
evaporated, and, as was originally recummendtid by C. Meyer, 
a solution of ])urc sodium carbonate added in small quantities 
until it is in excess. Next a mixture of 1 part of sodium 

’ If the pH'ci}iitatoooritainfd . Ji litt U“ of th(‘ latter is generally 

(hs.solv(‘fl by tile aninioriinm Hulpliide ; thus us, of eouise, taken into considera¬ 
tion m {3115). copiHT iH to be excluded iii thus ea.se. a solution of sodvain 
hydrogen sulphide {])repare<l from sodium hydroxide solution free from arsenic, 
and hydrogen sulphide also free fiom arsejiie) is Uftoil iiusU-atl of ammonium 
sulphide solution. If jueferrod, the suljiJiidiis (of aisenie, antimony,and tin) 
wluuh have been dissolved are rc-preC:i]>itaU'd friuu tlu* lllt<;rod solution by 
means of dilute hydrochloric acid, collected on a lilb^r, waslied with hydrogen 
sulphide water, and re-dissolved in ammonium sulphide solution (lb Otto). 
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carbonate and 2 parts of sodium nitrate is added in sufficient 
but not excessive quantity, the whole evaporated to dryness, 
and the residue licated very gradually in a ])orcelain crucible 
until the liiass. wliich at first becomes brown and then black, 
becomes colourless If <;upric sulphide was dissolved b\' 
the ammonium sulphide solution, the fused mass remains grey 
to black. 

310. When cool, the fused mass is extract«‘d with cold water, if 
a residue remains, it is filtered ofi' (we will call it IV.), washed 
with a mixture of e(pial parks of alcohol and water, and reserved 
for further examination as in \310). The solution, in which all 
the arsenic should be contained as arsenate ion,^ is mixed with 
the wa.sliing liquid (concentrated by evaporation and freed from 
alcohol), tlie mixture gradually and carefully acidified with pur(' 
dilute sulphuric acid, evaporated in a small porcelain dish, the 
Jiighly concentrated liquid tested hy tlie further adrlition of 
sulphuric acid, to see whether the quantity of the latter was 
sufficient to expel all the nitric and nitrous acid, and finally 
carefully heated until heavy vafiours of sulphuric acid begin fo 
escape, 'f’o the coided residue 5 to 10 c.c. of a .solution of sulpliur 
dioxide in water is added, in order tore(iucc the arsenate ion tt) 
arsenite ion. the mixture lieated on tlie water bath until the 
excess <if sulphur dioxide has escaped, diluted with a little 
water, the solution poured int() a small narrow flask, and, while 
it is being heated at 70'^, a slow current of washed hydrogen 
sulphide introduced for about six hours ; finally it is allowed to 
cool, the introduction of the gas being continued meanwhile. 
It arsenite ion is present, a yellow precijiitate is formed. Jhis 
is filtered off as soon as it has completely sulisided. and tlie 
liquid has almost lost its odour of hydrogen suli>hide, washed 
as described in (3()8), and its weight determined by means of 
one of the methods also described there. 

311. 7. Reduction of the arsenious sulphide. 'I'lie greate t (-are must be 

taken in the preparation of elementary arsenic from arsenious 
sulphide, since it should be the final proof of the presence of 
arsenic. The best and most certain method to use is that 
recommended in Sec. 8!), 17, i.e. to fuse the arsenic compound, 

i If the substanpo under examination 8hmdd eoutain n thulUum com^wid, 
all the arsenic wouhl not bo prc.sent in this solution, since it won f 
been only incompletely dissolvecl on treatment of the orange-oolonrci 
solution of thallous sulphide m arsenious sulphide with ammonium su 
(c/. (316)). 
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mixed with potassium cyanide and sodium carbonate, in a 
small porcelain boat in a slow current of carbon dioxide. This 
process is especially suitable in forensic cases, since, apart from 
the advantage of greater accuracy, it oilers a guarantee against 
any confusion of arsenic with another substance (especially 
antimony). Great care should be taken that the whole appara¬ 
tus is fdled with carbon dioxide, that the contents of the little 
boat are, thoroughly dried, and do not spirt even when heated, 
and that the current of gas is of the rigid .strength before 
heating. Direct heating of the mixture of jiotassium cyanide, 
sodium carl)onate, and the sul)Btance to l^e exandn<‘d for arsenic 
in a glass tube, without the use of the little boat, is only per¬ 
missible when in another part of the same tube a fusion test 
with jiot.assium c}^aniile anti sodium carbonate m a slow current 
of carbon dioxide has y ielded no trace of an arsenic, deposit 
(<•/: ])p. ;i51 and 7,‘3!)). Apparatus for the evolution of carbon 
dioxide in which the current of carbon dioxide cannot be 
regulated niiist not be used for this important tost. 

For the jiurjio.se of reduction, the arsenious sulphide obtained 
may be used directly. If it could be collected on a weighed 
filter, only a small jioition is used, .so that the reduction may, 
if necessary, be repeated. If, on the other hand, the precipitate 
of arsenious suljihide was so small that it had to be removed 
from the lilter by moans of ammonia .solution, the residue 
idrtained from the evaporation of the ammoniacal .sidution i.s 
re-dissolved in a little ammonia solution, (1(12 to 0 (Jf grin, of 
|iowdereil anhydrous .sodium carbonate ■ added, the whole 
evajiorated to drimess on the water bath, with constant stirring, 
and small jiortions of this mass used for the reduction.- 

When this operation has been com]>leted the reduction tube 312. 
(Fig. 52) is cut off between the constricted ]iart and the place 
whore the boat .stood ; the front jiart (containing the arsenic 
mirror) is put aside, whilst the boat is covered with water, the 
solution filtered when the saline mass has .separated, and the 
latter treated with hydrochloric acid until it is acid; hydrogen 
.sulphide is now introduced, and a note taken if a precijiitate is 
formed. If the arsenious sulphide has been reduced as such, 

' Itknnpvist pr('for.s siKliuni hytlrogeii caibunatc, bo( auso m its presence the 
residue may be removed more reatlily from the. crucible. 

* A distinctly perceptibh; mirror may be obtained even from a quantity of 
arsemouH sulphide corresponding to 0*01 mg. of arsenic tiioxide (Fresenins, 
Zcitsch. anal. Chem., 20, 531). 
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a quite alight yellow precipitate of arseuious sulphide may be 
formed; i if traces of antimonite ion had been present in the 
solution of the fused mass in water, the precipitate would have 
been orange-coloured and insoluble in ammonium carbonate 
solution. When all the soluble salts have been extracted from 
the fused mass, any metallic residue which may have been left 
is examined for trace.s of tin and antimony (for only traces of 
these two metals (-an be present if the procedure described was 
exactly followed). If such traces arc at all considerable, a 



Fro. 52. 


correspondin.g correction must be made, in the gravimetric 
estimation of the arsenic. 

8. ExaminuUmi of the resrrred residwsfor other metallic poisoti.t of the 
second, fifth, and siith ijroiips. 

313. (a) Residue I. {ef (.‘joi)). 

This may contain, in particular, silver chloride, mercury - 
mercuric snipliide,- mercitric albuminate,^ and lead sulphate, 
jiossibly also lead chloride, bismuthyl chloride, mctastannic 
acid, and barium sulphate. 

'I'o determine first whether the residue contains mercury 
or its compounds, a portion of it is well mixed and thoroughly 
dried, treated with red fumin.g nif.ric acid, heated with it for 
some time, evaporated to a small residue, this re.sidue 
treated with water to which a little nitric acid has been 
added, and the liquid allowed to cool, filtered, diluted, and 
treated wdth hydrogen sulphide. If a black jirecipitatc is 
obtained, it is filtered oil and tested according to (l.'l.'i) to 
see whether it is mercuric sulphide or wdiethor it contains 
mercuric suljihide, po.ssibly in adilition to bismuth or lead 
sulphide. If mercury is present, the whole of the residue 
must be treated in the same way as the sample, if the metals 
are to be determined quantitatively. In that case, bismuth 
and lead, if found, must also be determined in the solution 
obtained by heating the mercuric, sulphide with nitric acid. 

' Ill the ledtaUiMU ef a (|nantity ef aisenieiis sulphide eorrcspondiag te 
1 mgrm. of arsenic trie.xidc, W. Frcscniiis did not obtain any perceptildc pre¬ 
cipitate in the solution of tlio residue {Zcttidi. anal. Ctuon., 20, 630). 

- CJ. footnote on p. 742. 
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The rosidije, free or freed from mercury, is caleined in 
a porcelain dish, the carbon liurned witli the aid of a little 
ammonium nitrate, the. residue cf)m])letely extracted with 
water, and the insoluble portion dricrl iwid fu.sed with 
sodium carbonate and potassium cyanide in a porcelain 
crucible. When cold, the mass is taken up with water, 
the residue treated with dilute accti(; acid in order to extract 
any barium carbonate formed, the insoluble residue, which 
<;(“ucrally remains, heat<‘d with nitric acid, and the nitric 
affid .solution examined ns in (109) ; any residue, insoluble 
in nitric acid, which is left is tested according to Sec. 179. 
'I'he aqueous extract of Ihe mass fused with potassium 
cyanide is acidified with nitric acid 1 f a turbidity occurs, it 
is allowiid to subside, the diqiosit filtered idT and tested for 
silver l as in Sec. 7(1, 13. since traces of silver inav have 
dissolved in the .solution containinf; potassium cyanide. 
A portion of the acetic acid solution obtained is tri'ated 
with hydrogen sulphide, in order that traces of lead nia\' not 
be overlooked, and the remainder (or the liquid filtered 
from any sejiarated lead sulphide) testeil for barium ion 
by means of calcium sulphate. 

(b) Rt»iilue II. [cf. (.303)). 

The carbonised residue obtained in the purification of the 
crude hydrogen sulphide preeijutate by means of nitric 
and sulphuric acids, which ma)* in particular contain 
conqiounds of lead," mercury,(* anil tin, also of bismuth 
and antimony, and barium sulphate, is gently and con¬ 
tinuously heated with aqud rrgiii. After filtration, the 
residue is washed with water to which a little hydrochloric 
acid has first been added. 'The filtrate, diluted with the 

r With regjud to sjiccial mcHioil.s for (he defection of .s/frer in animal sub* 
stanocH, SCO Nickle.s, tl'<ch. C/ntii , 2, Ml flSUil); V. Lelnnann, Ibid., 

21, 470 (1882). 

^ With regard to special methods for the detection of lead in animal .siib- 
st-anees, rf. A. fllisscrow, '/jcitsch. anal, ('hfm , 1, 120 {18112); V. lafimann. 
Ibid., 21, 470 (1882). 

^ With regard to special methods for the defection of inrrcuri/ in animal 
subatnnees, e/, h. Riedelcr, Zfi1i,cli. anal. Chein.. 7, 517 ; Msyeii^ori and Rergeret, 
Ibid., 13., 103 ; E. Ludwig, Ibid., 17, 395 ; 20, 47.5; and 30, (1.54 ; A. Alayer. Ibid,, 
17, 402 ; P. I'lirbringer, Ibid., 17, .520 ; V, Lelnnann, Had , 21, 470; anil 23. 109 ; 
H. Pimchkis, Ibid., 22, 295 ; Wolf and Nega. Ibid., 26, 110; .Vlerget, fbid., 29, 
113 ; E. Ludwig and E. Zillner, Ibid.. 30, 258 ; Alt, Vhem. Zentr., 1887, 1573 ; 
Brugilatelll, Ibid., 1880, 11.. 014 ; 11, Vitali, Ziituch. anal, Chnn., 36^ 212 ; M. T. 
Leoco, Ibid., 49, 283 ; P. A. Riiaschou, Ibid., 49, 172. 


314. 
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washings, is treated with hydrogen sidphide, and any 
jirecipitate formed examined as in Sec. IGC et seq.; the 
residue insoluble in aqua regia is calcined, the ash fused 
with .sodium CJirbonate and pota.ssium cyanide, and the 
fused mass tested as in (.'il.S). 

If li’dd is found in foods, it should be noted that water 
suj)j)lies may sometimes contain lead.* 

315. (c) Residue III. {(•/. {tW9)). 

The precipitate insoluble in ammonium sulphide solution 
must be tested for the metallic jioisons of the fifth group, 
as in Sec. 1G8. If a .sample of the jirecipitate, e.xaniincd 
spectroscojiically, showed the thallium line, the jirecipitate 
should ahso be examined for urseuic (310) ; in that case, 
arsenate ion dissolves when the precijiitate is heated with 
nitric .acid, and may he jirecijiitated hv ine.ans of aniinoninni 
innlyhdate {.Sec. 90, 9). 

If cojiper is found in the remain.s of food and in cadaveric 
remains, the conclusion should not he drawn wdthout 
further proof that poisoning has taken jilace. The jiresencc 
of copjier in the objects under examination may fri'quently 
be due to the fact that it is a natural constituent of corn 
and bread, of vegetables and other jilants, and also of the 
lower animals, and of the organs of warm-blooded animals 
and human beings. The lirtr esjiecially contains as a rule 
a comparatively large quantity of cojqier ; in adults it 
contains 3 to 18 mgrms. of copper in one kgrm., and the 
liver of a foetus and that of a new-born child contains still 
more ; the quantities may he considerably higher, if it is 
present in foods, owing to the use of cojqior utensils or to 
the intentional addition of cojijier salts, e.g. in preserving 
vegetables or in the prejiaration of bread.- 

316. (d) Residue fV. (cf. (310)). 

This may contain tin and antimony, and also a little 
copper. It is treated as in (123). 

317. 9. Examination of the ammonium sulphide precipitate for ^nelallic 
poisons of the fourth and third ffroups,esp€ciaU>/for zinc, chromium, 

* Th. Paul, W. Ohlmuller, H. tk-ise, and Fr. Aucilnirh, ZfIl'ich, (uml. ('hp.tn., 
46,00(1907), 

^ With regard to the presenee and apoeifio detection of eopper in anunai 
substances, cj. UI(‘X, ZciUch. mwl. ('hi m , 5, 2()0, aiul 21, 180; H. Ixf.ssen, Ibid., 
6 , 201 ; K. .fl. fiehmann. Ibid., 36, 01 (1807); I., v. Itallie ami .1 J. van Kek, 
Arch. d. Phatm., 251, 50 (1013), 
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and thalliumA The liquid filtered from the hydrogen sulphide 
precipitate in (30i]) has already been treated with ammonium 
sulphide solution. In this (jroce.ss a precipitate is, as a rule, 
formed, which consists of ferrous sulphide and calqjum phosphate, 
in addition to organic conqjounds, but can also <'ontain the 
other metal ions of tlic third and fourth groiqis, especially also 
zinc sulphide, thallous srdphido, and (diromic hydroxide, and 
further—if the pnn’ipitation with hydrogen sulphide was made 
in too acid a solution—lead sulphide and cadmium sulj)hide. 
The liquid is filtered (a funnel provided witli a glass tap being 
used), and the filtrate e.'camine.d as in (.'118) ; the precipitate is 
wa.shed with water containing ammonium sulphide, the tap of 
the funnel closed, the precipitate treated witli a mixture of 1 part 
of hydrochloiic acid and 1 to 5 parts of hydrogen sulphide water, 
and allowed to stand for some time. After the liquid has been 
allowed to drain off, the treatment with hydrogen .sulphide 
water, containing hydrochloric acid, of any residue left on the 
filter is, if necessary, repeated. If the conclusion is drawn that 
metallic poisons of the fifth group may be present here, the 
liquid drained off is suflicimitly diluted, hydrogen sulphide 
introduced into it, any prccqiitate formed liltered on to the 
filter containing the residue, and washed, and the contents of 
the filter te.sted for lead, cadmium, nickel, and cobalt. For this 
jmrpose it is dissolved by heating it with dilute nitric, acid, and 
any lead ion present separated by eva]joration with excess of 
dilute .sulphuric acid. Thelilfrute is next tested by means of 
hydrogen sulphide, after the addition of a little hydrochloric 
acid, lor any cadmium ion that may be pre.sent, and finally any 
nickel or cobalt ion present is siqiarated by means of ammonium 
siiljihide solution. The acid filtrate, free from nickel, cobalt, 
lead, and cadmium ion, i.s treated with ammonia solution until 
alkaline, and then with yellow amnioiiiiim sulphide solution and 
allowed to stand for 24 hours in a warm place. If a precipitate 
is formed, it is filtered off and washed with water containing 
ammonium .sulphide. It is then dis.solved m dilute hydrochloric 
acid, heated until the hydrogen sulphide has escaped, filtered, 
and [lotassiiini iodide solution added to a portion of it. If a 
pale yellow precipitate of thallous iodide is obtained, the whole 

r With regard to tfic poi-soaoii.s jiroperlies of Itiatliuin, cf. I.amv, ./, prakt. 
Chptn., 91, 3f>(>. For the detection of tlialliiini in ftMcnsic cases fiy means of 
electrolysis, vj Mnrme, rrn/tl, Chcill.. 6. -^tUf. 
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of the solution must be treated with potassium iodide. The 
precipitate is then spectroscopically examined for thalUnm. 
The solution, which will iiow contain little if any thallium ion, 
is evaporafied t<i a small residue, after the addition of a little 
nitric acid, and this residue tested for zinc and chromium ions 
as in (143) to (HC). 

According to L. van Italic and .1. .1. van Kck,’ zinc is a normal 
constituent of the human liver ; they found 18 to 87 nif'rm.s. of 
it in 1 ksrm. in the liver of adults. Zinc can also occur in foods 
without having been added with criminal intent. In particular, 
dried apple rin};.s .at one time often contained zinc." T’inallv, 
zinc ion i.s occasionally found in drinkiiif; water, into which it 
has either been ab.sorbed from the soil or in which it is pre.sent 
owing to the action of the water on zinc supjily jiijies ■' 

318. 10. Ejiimiixition filfralrfrom flic ammonium sulphide -prenpitale. 

Tlio liqiiifl filtoml {roin the ainmijiiiiiin sulpliide precipitate in 
(317) luuy still contain part of, and possibly all, the chroininni 
pre.sent, because cliroinio ion is not conqilotely jirocipitated by 
ammonia and aniirioninm sulphide from a solution <‘ontainin«>; 
organic substances ; it may also contain liariiitn ion. for wlien a 
solubl<‘ barium salt i.s present, the residue 1 only contains u. 
((uantity of bariuni corre.s])ondin^ to tlie sulphate ion present 
in the ma.ss, or formed on treating the mass with hydrochloric 
acid and ])otassium chlorate ; and the jirecijiitate formed by 
hydrogen sulpliid<' will only contain as niucli bariuni as could 
be precipitated by the sul[)hate ion resulting from the action 
of air on the hydrogen suljihide. Finally, it should be re¬ 
membered also to take tlu^ zinc ion into consideration here, 
since its jinadpitation by moans of ammonium sulphide may have 
been influenced by the [iroducts of decomjiosition of the organic 
substances. In order to detect chromic and barium ion. and 
also to test for zinc ion, the lifjuid slniuld be evaporated, with 
tlio addition of a snflicient fpiantity of dilute sulphuric acid, 
until sulphuric acid vajiours esca])e. freely. When cold, the 
residue should lie dihif-ed the liquid filtered, and the residue 

* Arch. d. Ph/irm.y 251, 50 (1015). 

2 R. Hefelmaim, Znfsch. mud Chrm., 35, 104 (1800) ; K. B. l.chmann, b. 
Janko, P. Kuli.sch, (I. Amthor, A. Kcisj^niann, P. Soltsien, Ibid., 38, 723. 

* G. WollThugcl, ArbnUu. ans dern Knis. (rpsnttdhatsamlc, 2, 180 (1887); 
P. Schwarz, Zcih^ch. Unttrs. Nahr. (Umiss.. 14, 482 (1007); P. P. Woinlaiicl, 
Jhtd., 19, 302 (1010); K. B. J.A'hmniin, J. <>a^shehucht. H'rtMfrrrr.'i., 56, 717 
(1013). 
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washed and the separated sulphur volatilised. Should a residue 
be left, it should be tested for barium sulphate (208). TJie 
sulphuric acid filtrate i.s neutralised with sodium carbonate, 
evaporated to diyness, and the residue (consisting mairdy of 
potassium sulphate) ignited to remove the ammonium sulphate, 
and then fused with sodium carbonate and potassium chlorate ; 
the aqueous solution (jf the fused mass is tested for chromate 
ion, and any residue which may have been left tested for zinc. 

11. Tests for the state of comhination of mHalhc ^msons found. If319t 
arsonfc was found in (.311), or ions of a metal open to suspicion 
were detected in the (examination of tlie residues 1., II., HI., IV., 
or of the ammojuum sulphide precipitate and the lit^uid which 
was filtered from it, tests must be made to determine the state 
of cniubination in which tJie metal was jiresent in the original 
substance. 'I'he solution of this (piestion is alwa) s of importance, 
but decisively so in the case of metals which are poisonous in 
one state of combination but harmless in unotlicr. This is, for 
instance, the case with barium, which is iioisonous as barium 
chloride or carbonate, but harmless as barium sulphate ; or 
with chromium, which is e.xc.ccdingly poisonous m the form of 
chromates and diehromatos, but onl) slightly .so in that of 
chromic compounds. 

A.S a rule diitlijsis affords a sidtable means of solving this 
([uestion. If, therefore, it was not employed between the 
proces.ses A., Sec. 200, and C,, yoc. 202, the rc.served third of the 
substance, should be treated according to See. 201, in order to 
obtain suitable solutions for the determination of the state of 
combination of any suspicious metal found. T'he colour of the 
material niuler examination frecpientlj- affords an indication of 
the slate of comhitialion of chromium compounds. If it is yidlow 
to orange-red, the (diromium comjiound was introduced .as 
chromate or dicliromate. If the substance is greenisli, however, 
it i.s not a proof that cliromic salt was used for poisoning—it 
may more probably be due to a reduction of chromates—it i.s, 
therefore, not possible in this ca.se to form a delinite conclu.sion.i 
Soluble chromates cannot be extracted unaltered from poisoned 
sausage or minced meat; if such meat is introduced into a 
dilute solution of potassium chromate, the latter is decolorised, 
the salt forming a combination with the meat.^ 

* J. («a(lamer, Mnh. d chem. ToxikoJotjje, MM)!#, p. 250. * 

^ It. Otto, Anleilung zur AHsmittcluiiy dcr trifle, 7th ocl., p. 227 (1896). 
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D. Modijicalmis of the ■process dfscribed in 0. 

Sec. 204, 

320. Numerous modiilcations can, of course, be made in the ju'ocess 
describe<l in (_!.,and wo refrain froju a detailed description, as the 
conditions cannot all be foreseen under which such modifications 
oiler advantages over the methods given; one modificiition, 
how'cver, which consists in a deviation in the method of preparing 
the elementary aiscnic, must bo pointed out. 

1. The solution obtained in (;U0) may be tested directiyhn Marsh's 

apparatus as described in Sec. 81), 12, instciid of being treated 
with hydrogen sulphide. Kcduction by means of Bul|ihin' 
dioxide may be omitted in this case. If arsenic is present in 
any considerable quantity, a portion of the liquid (jiicviously 
measured or weighed) will lie sufficient to obtain distinct arsenic, 
mirrors, and the remainder can be used for tlie quantitative 
estimation of arsenic. If. however, only minute quantities of 
arsenic are present, so that by degrees the whole amount of tlie 
liquid has to be introduced into Marsh’s ajiparatus in order to 
obtain a distinct arsenic mirror, the {|uantitativc estimation of 
arsenic must be omitted, provided the Marsh te.st lias not been 
carried out Iroiii the start according to I’olenshe's method 
ileiicrilied in the following section. The, latter procedure nia.y, 
therid'ore. be recommended for the sake of safety in all easi's. 
If it is thought necessary to determine definitely that the 
resulting mirror is actually an arsenic mirror, treatment with 
hyilrogcn sulphide, as described on ji. .should be chosen. 

2. The use of the distilhUion process, de.seribcd in Sec. 11)7, for the 

detection of arsenic in textile fabrics, carjiets, etc., has also 
been recommended repeatedly for forensic, jiiirjioses. Jn any 
case, it possesses the advantage of enabling a decision as to the 
ab.sencc or presence of arsenic to be made eomjiarativciy quickly'. 
In such a case the filtered solution obtained in (.‘101) should be 
subjected to distillation by the method described in Sec. 11)7. 
with the addition of hydrochloric acid and ferrous chloride, and 
the distillation continued, with renewed addition of hydrochloric 
acid, so long as the liquid passing over gives (after dilution with 
water) precipitates with hydrogen sulphide. The hydrogen 
sulphide precipitates from the whole distillate are collected on 
a filter, treated according to (308), weighed, and then subjected 
to further examination by means of a reduction test as in (311)- 
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If care has bceii^ taken that the ferrous chloride used was not 
only absolutely free from arsenic but also from all other iyx- 
purities, the residue from the distillation mav be used for tests 
for the remaining metallic poisons in accordance with the course 
described in the previous seiition. 

E. Process iMended fmmritij for the detect ion and determination of 
araenic only. 

. Sec. 205. 

I he. process wliichwiil now he d(‘scr}]M*d has for its sole object 321. 
the detection and determination of ai'senic in cadaveric remains, 
food, and other oiga,nic substances Only occasionally can it be 
extended to the detection of other nietallie, poisons, that is to say, 
wlu'u the whoh‘ of the jin^parcd solut.ion has jiot Ix-en used for the 
detei^tion of arseni<-. The proce.ss (‘onsists in the destruction of the 
organic substances by means of hot concentrated mineral acids, 
and in the examination of the resulting solution bv Marsh’s method, 
but under conditions in which tln^ coiivc'rsion ol the arsenic, jiresent 
into the form of a mirror takes ]>hicc ipiantitatively. We have used 
this comliined nu'thod (which we will d('scribe in detail), e.y. for the 
examination of the urine, blood, and organs of jicrsons who Jiave been 
treated with sal varsan, anil have always obtaiiu'd s,atisfactorv results. 

Since. (•om[)aratively larg(‘ (|uantities of acid arc necessary for the 
preparation of the solution, the. jmrit^ of the reagents is a point of 
the utmost nnjiortanoe (p. 731) ; their preliminary examination 
must be (•arried out with con<vspondingly laigi' (piantif.ies. 

Kor the first part of the work (preparation of the solution) wc 
use the method describeil by M. Kerbosch ^ If necessary, the sub¬ 
stance is stirred with water to form a thick jiaste, ajid placed in a 
retort with a tubulure, nuuh^ of Jena glass, which should be at least 
four times as large as the volume of th<‘ substance to be destroyed. 

A mixture of c(pial parts of concentrated sulphuric acid and nitric 
acid of sp.gr. 1-3 is then added (approximately as many c.c. as 
correspond to the weight of the dry substance in grins.). Vigorous 
action often begin.s, even in th<^ cold, so the test should be carried out 
in a fume cupboard. 

The retort is gently heated, preferably on asbestos wire netting, 
until the contents have formed a uniform mass without the liquid 
frothing over. A separating funnel, iirovhled with a dropping device, 

' drcA,/. 246, 017 (1908). 
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is introduced into the tubulure of the retort, ,carc being taken that 
tbe tube of the funnel is about 5 mm. from the bottom of tlie retort. 
The space between the tube and tlie tubulure may be closed by 
means of a suitably-ground stopper (Fig. 5.3). Nitric acid is now 

a<lded, drop by drop, through 
the separating funjiel to tlie 
cuntent.s of the retort, which 
are meanwhile continuouslv 
heated. 'Die temperature and 
the speed at wliieh the drojis 
fall should be so adjusted that 
carbonisation docs not occur, 
and care shmdd be taken alway.s 
to have a slight excess of nitric 
acid. The distilling acid is col¬ 
lected in a receiver. At first 
the action is vigoions with 
much frothing, lint after a. time the formation of froth ceases. By 
this means a yellow liipiid is obtained, wdiich will be covered with a 
clear layer of the fat present. Needless to say, this will obviously 
only be destroyed after it has been carbonised with sulphuric 
acid. The tcm[)eraturc is now raised, and the 3U[iply of nitric acid 
regulated in such a wav that the fine carbon formed is at once 
oxidised by the nitric acid which is being added. The formation 
of coarse fragments of carbon should be avoided. 

In this process the layer of fat grailuiilly disa]ipears and a clear 
brown liquid will finally be pre ent m the retort. The liquid is now 
strongly heated with the slow addition, dro)i by droji, of nitric acid 
until it is completely colourless, and this strong heating continued 
for at least an hour, in order to destroy the last traces of organic 
substances. In this jnoecss about b'lU c c. of acid are required for 
the destruction of 2.50 grins of fat minced meat the jirocess is com¬ 
pleted within 5 hours ; the residue in the retort should only amount 
to a few o.c.t 

In order to convert all the arsenic quantitatively into hydrogen 
arsenide in the next stage of the process, and finally to cause it to 
deposit in the heated glass tube in the form of an arsenic mirror, the 
following directions of E. Tolenske 2 should be followed ;— 

1 With regard to a jinqiosjil made hy Isickcmann for the destruction of 
organic suh.stances, r/. ZeiUirh. aiuil. i'him., 51, 717. 

“ Zeitsch until. Chem., 39, lili.3 (I'JOO) ; rj. also the comiirehcnsivc work of 
Lockemann in ri-gard to MarHli's method [Znisf/i. anal. Chan., 18, 415). 
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The cylindrical liask for the evolution of hydroijen should contain 
about 250 c.c.,and be four times .as hif’h a.s it i.s wide. The liqsid 
containing the arsenic should contain ai)j)ro,\iina.toly 20 c.c. of sul- 
|)huric acid in 100 c c., and the f|uantity of arsenic m 100 c.c. of this 
liquid .should not p.xeccd 4 l-o 5 niprins. In ord<'r to keep the sul- 
])huric acid at the necessary stnuigtli, tin' residue whi(di remained 
in the retort after the process ju.st ilescribed is my curffulhj rinsed 
with water, when cool, and placed in a. uTi'nlml jiorcelain dish, and this 
heated on a sand bath, in order to remove the nitric acid comjilctely, 
until about one-third of the sul|ilmrie acid has evaporated. The 
nitric acid is not always eoinpletel)’ removed by a single, ev.aporation ; 
it is therefore nece.ssary, when c<dd, to dilute it .again with 50 c.c. of 
water and to repeat the concentration and eva]>oration. This i.s 
repeated until a small drop of the liquid, after dilution with water, 
no longer gives a re.action tor nitrate ion with diplicnylamine. 


2 ,a 4 6 6 7 8 



a i) (ill e f g 

Fra .'•>1 


Wlnm this point has been reached the contents of the dish, when 
cold, are made ujitoSfi grins, with concentrated sul])liuric. acid, and, 
alter being rinsed in a measuring flask, diluted to 1(!0 c.c. with water. 
A jiortion of this .sidution is introduced into a burette with a glass 
tap, from which it is allowed to drop into the flask tor the evolution 
of hydrogen. 

This latter flask, the dimensions for which were given above, is 
provided with a dropping funnel, re.aching nearly to the bottom of 
the flask, and an outlet tube for the gas. Thi.s tube is connected with 
a washing flask containiipg a 5 jicr cent lead nitrate srdution, and 
then with a U-tiibe, one half of which is filled with about 2(t grms. 
of fused calcium chloride, and the other wil.b caustic alkali ; to this 
is attached an ignition tube of bard glass (Fig. 54), the other end (8) 
of which is connected with a small glass tube which is immersed to 
the depth of a tew centimetres in an approximately one jier cent, 
solution of silver nitrate. The diameter of the ignition tube is 
10-12 mm. in its wider and ITi to 2 nim. in its constricter^parts. 

The zinc is first treated in the cylindrical evolution flask with 
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about 5 0 . 0 . of concentrated sulphuric acid and'then 20 c.c. of water 
acklcd ; after about 15 minutes the air will have been cxjielled from 
the apparatus. For the purpose of testing the zinc, and sulj'hurie 
acid, the tube is’ heated with a flame at h for half an hour, during 
which time, if the evolution of gas is too weak, a mixture of One 
volume of sulphuric acid and four volumes of water is added drop 
by drop. If at the end of this time no visible deposit can be seen 
in the tube, the reagents are suflieiently ]iure. The tubi' is now heated 
between (5 and 7 with one, and between 4 and .5 with two Bunsen 
burners with chimneys (an asbestos screen being placed at '/ and c), 
and a quarter of the liquid (25 c.c.). prepared for examination, made 
to drop (about O'Tf) c.c. jicr minute) Iroiii the bui'ette through t.lie 
funnel into the evolution flask. The evolution of gas must l.akc' 
place .steadily, and at such sjieed that it is possible to count the 
successive bubbles in the lead nitrate or silver nitrate solution 
through which the gas has to pass. 

If no visible mirror isformeil beyond c in this process, no arsenic 
is present; if, on the other hand, the solution contains too much 
arsenic, the silver solution is reduced. De.sjiite this fact, the examina¬ 
tion is carried to completion. In allowing the Injiiid to ilrop as slowly 
as possible and w'cighing the mirror in the method de.scribed below. 
An approximate estimation of the amount of ar.senic present is thus 
obtained, and the remainder of the solution, jinqiared foi' examination, 
further diluted with dilute .siiljihiiric acid (one volume of acid and 
four volumes of water) in such a way t.liat only 4 to 5 nigrms. can still 
be contained in 1(X) c.c. The tc.st is then repeated with //ii'.s- liquid. 

When there is a .steady evolution of hydrogen ar.scm'de, the rest 
of the lii|uid is gradiiall}' added, and the, flask finally rinsed with 
sulphuric acid which has been diluted in the pro]iortions mentioned 
above. If the evolution of gas becomes too vigorous at times, it 
may be regulated by allowing the drops to fall at longer intervals, 
or by stopping the dropjiing for a little while. Towards the end of 
the test the evolution flask should be jiut into warm water, so that 
the evolution of gas is not disturbed by the separation of crystals of 
zinc sulphate. 

By this means the wliole of the arsenic will be found beyond c 
after about 2 to 2 J hours, whilst only a small mirror will appear behind 
g. The evolution of gas is maintained for about an hour, the flames 
then removed, and the ignition tube heated with a flame between 
2 and .3. If, after a quarter of an hour, no mirror is visible beyond 3, 
the test is complete ; if, on the other hand, a mirror apjiears, it should 
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be driven along to dity the necessary adjustment of tlic flame, and 
the test repeated with renewed heating between 2 and 3 until jio 
arsenic mirror appears beyond .3. If, after lialf an hour, only a faint 
yellowish-brown deposit is formed, these traces ol* arsenic may be 
igmft'cd. 

When it is certain that the arsenic has thus j)ractically been 
completely expelled, the flame and the silver solution are removed 
and the ignition tube connected in the rever.se direction at 8 with 
the U-tu]te, and heated by means of a small flame in a current of 
hydrogen until all the arsenic has been driven along to c. When cold, 
the portion of the, tube c to f is cut out by ]neans of a fde (carefully, 
to prevent splinters of glass getting into it or particles of arsenic 
from being lost), and this small piece of tube, together with the arsenic 
in it, weighed. The latter is dissolved in concentrated nitric acid 
while being hca,ted, and the tube washed out, dried and weighed again 
under the same conditions, so that the quantity of arsenic is (ditained 
from the difference. If a luicro-halancc. is used, even very small 
quantities of arsenic may be accurately determined. 

Instead of such a gravimetric [irocess.lT 11 . BloriKt'ndael n.ies o323 
t'obiriHric prncc.':.'! for the ijioiiililative drterminahon o/draionc separated 
in the form of a mirror.^ The arsenic mirror is dissolved in a carefully- 
measured quantity of a jiotassium dichroniate sul])huric acid solution 
of a known normality. I’he liquid is then treated with potassium 
iodide, and the separated iodine titrated with sodium thiosuljihate. 

By this means the quantity of jiotassium dichroniate necesisary for 
the o.vidation of arsenic to arsenate ion, and consequently the amount 
of arsenic in the mirror is obtained : 

11 As • 1 - ;■) K .flJr.^Oy -f 2011., 8 0 

=(iH3As0.H 5K.ilSO4-|-5Cr2(S0j)3-fIlH.,,0 

As a rule, („(j^-iV-sodium thiosulidiate solution is used for the 
|iiir|)ose ; in the case of quantities of O'Ol mgrm. and less, Blocmen- 
dael used j-J-t.^V-sodium thiosulphate solution. We have had no 
jiersonal experience with this form of determination. 

In any case, it is essential in the prorednre described in this section 
• that certainty be obtained as to whether the mirror which appears is 
actually due to arsenic. Polonske’s method - is to jirecipitate the 
arsenate ion as ammonium magnesium arsenate by means of ammonia 
Solution and magnesia mixture from the solution of the mirror, after 
complete oxidation with a few drops of fuming nitric acid, with the 

1 Arrh.f. I’harm., 246 , (>04 ( 1 !)() 8 ). 

2 Zulsch. anal. Chem., 38 , .066 ( 1900 ). 
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aid of Iieat; the nature of the jjrocipitatc can b? confirmed by means 
of^the silver nitrate reaction. 

If the whole, of the sulphuric act'd solution of arsenic present at the 
'beginning (and since increased to ]()0 c.c.) has not been used, the 
remainder can be used fur testing for other metallic poisons. 


II. Process for the Detection of Hydrocyanic Acid. 

Sec, 200. 

• If poisoning with liyiirocyanic acid or with alkali cyanides i 
(which have the same action as hydrocyanic acid, and, owing to their 
being used for many technical purjioses, are more ea.sily obtained) is 
known or presumed to have occnried. and if the, hydrocyanic acid is 
to be detected in food or in the content.s of a stomach, the first 
essential is to begin the examination speedily. 'I'hc reason for this 
is that hydrocyanic acid, being an unstable sub.stancc, may raj>idly 
undergo decomposition,2 and also because, in the opinion of many 
chemi.sts, at all events, cyanogen compounds may be produre<l in 
the jmtrefaction of animal substances, although thi,s view cannot 
yet be regarded as definitely proved.^ The. period of time during 
which the poison can be detected depemls u])on its quantity and the 
stage of putrefaction. On the average, the detection is still ])OBsible 
f) to 10 days after the poisoning, in the lungs even after 14 days, and 
in the large intestine after l.o days. In the case of a dead body in 
good preservation it is said to be possible to detect the ])oison aftei’ 
3| months (J. Gadamer), and, according to Jollyman,^ even after 
6 months. If the ])ortions of the body have been jneserved with 
alcohol it is possible, according to G. Calvi and M. ]\rala(!arne,® to 

^ 'J'he t^clinical “ pota.ssinm cyaniilii ” inariufaciutoil by tho newer ])roce.ss 
is a mixture of potafesiiim and so<Unm cyaniik'S,or, if prepared by the ('astner 
process, it eonsi.sts only of sodium cyanKle. 

* Tlio ileconijiositum of liydroeyanie acid in <h'ad ixKhes may lake j>lace 
with v<iryine sjiced, t>ut. as a rule, it continues for a considerable tune, until the 
whole of the hydroeyanie acid is introduced into the orffanisin and has been de¬ 
composed. (Jf. on this quostnai I.Jrnj'eniloi fT, Die gi 7 icnthch -cluiHische Enuiite- 
hing von Gtjlen, Jfrd oil., Cottinj^en (Vamlenlioek k Rujirceht), 1888, p. ; 
Buchner, J. pr^ikt. Chem., 104, tl88 ; Bonjean, Pharm. Zettralh., 1871, p. 199; 
H. Struve, Zatsch, arutl. Cftim., 12, 15 and 19; Rennard, Ibid., 13, 110; 
Reiehard, Arch. d. Pharm., 219, 204 ; SokolofF. Zeitsch. aiuil. Vhem., 14, 423. 

® With regaril to thisquestum, .see I'aylor in Jinigendorff’s work, loc. cit., 
p. 59 ; Bonjean, Pfutrm. Zeiifralh., 1871, i>. 199 ; W. Piever, Zeitsch. anal. Vhcnh., 
12, 23. 

^ Zeitsch. anal, Chem., 46, 650 (1907). 0/. also Vv^. Aiitenriefb, lb%d., 60, 

636. 

® Ibid., 48, 619 (1909). 
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detect hydrocyanic a^id after a month. In examining a body not 
only tlie Ktomacli and intestinal canal, but also the blood, heart, 
brain, lungs, liver, and urine must be taken into consideration. 

Since, apart from the poisonous cyanogen eonquiunds, among 
which hydrocyanic acid and jjotassium and sodium cyanides must 
be regarded as the most im])ortant, there are also non-])oisonous 
compounds, of which potassium ferro- and ferricyanidcs and Prussian 
blue are the best known ; and since the action of even weak acids 
on.the latter convi^rts a jiortion of their cyanogen constituent into 
hydrocyanic acid, it is nece.ssary in the first place to make a few 
preliminary tests to determine which method should be chosen for 
the separation of hydrogen cyanide, in order to be able to decide 
with certainty whethei' hydrocyanic acid or alkali cyanide was 
originally present. 


A. Pirlimmary Trsin. 

1. 'I’he odour of the substance under e.xamination is carefully 325 . 
noted. Hydrocyanic acid may be recognised at once, if present in 
any considerable ipiantity in substances free from other odorous 
compounds. Tf, however, cadaveric remains under examination 
are alre.ady in process of putrefaction, the odour of hydrocyanic acid 
may be masked by that of the putrefjing substances. The odour 
alone, however. mu,st never be regarded as a suilicient jiroof of the 
jiri'sence of hydrocyanic acid, for benzaldehyde and nitrobenzene 
have, to some, extent, similar odonrs. 

2 A little of the substance, with the addition of water, if nece.ssary, 326 . 
i.s placed on a moistened filter, and the filtrate collected, acidified with 
hydrochloric acid,and tested for ferrocyanogen ionwith ferric chloride, 
and for ferricya,nogen ionwith fiu-rous .sul|)hate. Any siduble thio¬ 
cyanates ]irescnt wordd also be found in the former te.st. If a 
ferrocyanogen, ferrieyumogen, or thiocyanogen comjiound has been 
found, the greatest care will be required for the detection of any 
simple cyanogen comjiounds (hydrogen cyanide, alkali cyanide) in 
the jire.senec of these com|)oiinds. 'I'lie examination is continued at 
B. 2 (331). 

Since potassium ferrocyanide and potassium ferricyanide are 
decomposed even in cold aqueous solution, and more rajiidly in acid 
or hot solutions, the conclusion that there has been hydrocyanic acid 
or alkali cyanide jioisoning, when hydrocyanic acid has been found 
in a dead body, in addition to ferrocyanogen or ferricyanogen 



762 PRACTICAL METHODS FOR SPECIAL CASES ch. n 


compounds, is never justifiable, aecordiuff to Almen.i whilst according 
t» R. Frescuius ^ it is only ijcriuissible under certain conditions, as, 
for example, when a relatively large amount of hydrocyanic; acid 
with little potassium ferroe.yanide is found in a body a short time 
after death. 

327. .1. If ferro- or forricyanoj^en compounds and tliiocyanogen com- 
pounds have not lieen foumi, a preliminary test is next made witli 
guaiacum paper containing copp<‘r sulpluite. For this purpose the 
reaction of the substance, wliich, if not fluid, must be treated with a 
little w'atcr, is determined. If the reaction is acid, tlie substance is 
suitable for the tf^st at once, but if it i.s neutral or alkaline, it should 
lie acidified with tartaric acid solution The air in the flask above 
the substance under examination is tlien tested l)y suspending in it 
guaiacum paper containing ciipiic sulphate, as in ISec. 120, 11. If 
the pajier turns blue it is presumptive evidence, but not conclusive 
proof, of th(‘ jiresencc of hydrocyanic acid or alkali cyanide. Morciii jc 
cyanide, if ])resent, would not give the reaction. The examination 
is continued at Ik 1 (d2fl), 

328. 4. [f the jiroliminaiy tests in I, 2, and have given negative 
results, mercuric cyanide may still Pe present. Tlie <‘xamination is 
continued at H 3 (333). 


B. Separation U)al <lele<iion of hydrocffamc acid or of cya'iwyev m 
poisonous cyaindcs. 

329. 1. If the preliminary tf'st (A. 2) has shown tliat form- and ferricy- 
anogen conijiounds, and also tliiocyanogen comjiounds are absent, 
and if the guaiacum paper has turned blue (A. 3), the substance 
under examination is mixed with water, if necessaiy, ami. if 
it does not show a strongly aeid reaction, is treated with tar¬ 
taric acid solution until it reddens litmus paper strongly. It 
is then introduced into a distillation flask, wJiicli must not be 
too large, and this is connected by means of a tube passing 
tlirough its cork with an iiiclinofl condenser. The lower end 
of the condenser tube passes through an opening in the cork 
of a graduated cylinder (which serves as a receiver), so as to 
form an air-tight joint, whilst this cylinder is attached, hy means 
of a tube passing tlircugh a second opening in its cork and bent 
twice at right angles, to a U-tube (P61igot tube). The latter is 
charged with a very dilute solution of sodium hydroxide, which 


a 


( 'hem. Zenlr., 1872, i>. 430. 

Cf. also Ludwig uml Maiithner, 


Zeiisrh. anal. Chem.t 20, 604 (1881). 
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ia known to be* free from cyanide.i The flask is carefully 
heated in an oil bath or calcium chloride bath, the bottom «f 
which it mu.st not touch, in such a way as to avoid excessive, 
h(‘(dinri of the sides of the vessel.- and so th&t the contenta 
Continue gently boiling. 

As soon as about 12 c. have distilled, the cylinder is re¬ 
moved. and re|ilaeed by a weighed boiling flask of larger capacity, 
which must also be connected with the U-tnbe mentioned above. 
Sometimes, especially when there is much frothing, it is advis¬ 
able to make tlie distillation in a ciirrviil tif sicam. The steam 
for this purpose is conducted to the. bottom of the flask, the .steam 
generator consisting of a large flask in which water is boiled 
during the di.stillatioii. and which is provided with a glass tube 
bent twice at right angles, the delivery end of which passes 
tluoiigh a second ojiiming in l.lic cork of the distillation flask. 

'I’lie first distillate is measured or weighed, and te.stcd a.s 330. 
follows ; 

(k) One ipiarter is liieated as in Sec. 12(i, S, to convert the 
hydrocyanic acid into the form of /(Tiic thioci/atiute. Since 
it may easily ha]ipen that the distillate contains acetic acid, 
care should be taken to add some additional hydrochloric 
acid to counteract the iiijiinoiis infliiencc of the ammonium 
acetate. 

(h) Another ijiiarter is treated as in Sec 12<i. 7, to convert the 
cya.nogen ion of the hydrocA'iitiie. acid into I’riissian blue. 

(c) If the tests (u) and (h) have proved with certainty that 

hydrocvanic acid is jireseiit. the remaining half of the 
distillate is used for a ((iiantitative estimation thereof. If, 
however, one of these reactions has tailed to give a decisive 
result, a further quarter of the distillate is u.se,d for the 
reaction described in Sec. 120, 1), dejiending upon the 
conversion of hydrocyanic acid into nilropriiKxide ion, 
whilst the ijiiaiititativc estimation is made in the last 
quarter. 

(d) In making an ajipro.xiniate qucinlUiilivc estinuition, the dis¬ 

tillation is continued so long as a liquid containing hydro¬ 
cyanic acid distils, the distillate mixed with the contents of 


^ Jf it is Ticf'ossaty to combine tiic (‘xainination for hyfirocyunic acid with 
tests for phosphf»ni8, th(' receiver of tin* appnrnt-us desfTibofl in (330) must bo 
included, ami the distillation earned out in the dark * 

Ganassini, Zeitach. anal. Chem. (1907), 46, 649. 
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the U-tubo, and a half (or a quarter), of this liquid mixed 
with half (or a quarter) of the distillate first collected in the 
cylinder. If the mixture is not already acid, sufficient 
tartari'c acid to produce an acid reaction is added, and it 
is then introduced into a retort or distillation flask, treated 
with borax or sodium hydrogen carbonate to retain the 
hydro(;bloric acid, and distilled down to a small residue. 
The distillate tints obtained, which will contain the whole 
of the hydrocyanic acid and be free from hydrochloric, 
acid, is treated with silver nitrate solution, then with 
ammonia solution in excess, and lastly with nitric acid 
until the reaction is strongly acid. 'J'hc resulting ]iro- 
cipitate of silver cyanide is allowed to subside, collected 
on a filter pa[)er (which has previously been dried at 1(X)“ 
and weighed), washed, dried at 100°, and weighed. 'Phe 
weight niulti])lied by 0'20I7 gives the eonospondiiig 
quantity of anlydrous hydrocyanic acid, and the result 
multi 2 )lied by 2 or by 4 (according to whether a half oi' a 
quarter of the liquid was taken for the cstimatic.in) gives 
the entire quantity of hydroc)-anic acid originally present 
or formed by the decomposition of alkali cyanide. 

331.2. If the preliminary exandnation has indicated the presence of 
comple.x cyanogen ions (ferrocyanogen, ferrieyanogen, and thio- 
C 3 'anogen compounds), the method described in I (.‘52‘J) cannot 
be used fi>r the, separation of hydrocyanic acid, because tartaric 
acid would liberate Indrocyanic acid from the practically 
non-pohsonous comjioiinds mentioned, at the boiling temperature 
of the liquid. Ilcncc one of the following methods must be 
chosen; ~ 

(a) Mellunls which arc applicable in the presence of either Jerta- 
or ferrici/anur/en compounds or of Ihiocyanoiien compounds. 
The following method, devised by .lacquemin,' is based 
upon the fact that hj'drocyanic acid can be expelled from 
alkali hijdroffe.n carbonate solutions, whereas no hydrocyanic 
acid IS liberated from complex cyanogen ions in such 
solution.s so loruj as the tem.peralurc does not exceed (10 . 
'I’his has been confirmed by later exjieriments of A. Ililger 
and K. Tamba,- and of II. Beckurts and W. Lehrmanu.-’ 

' Ann. chim. phys. (5), 4, 135. 

' * Zcitsch. uml. ('hrm.^ 30, 620 (1891). 

^ Zeilsch. Vnters. Nahr. Genim.t 3, 416 (1900). 
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The latter, in particular, have shown that whereas no hydro¬ 
cyanic acid" js liberated from 1 per cent, solutions of 
potassium ferrocyanido, traces are liberated from 2 ])er cent, 
solutions, whilst the distillate from 5 j)er cent, solutions 

. wjll contain appreciable quantities of hydrogen cyanide 
if the li(juiil is heated above 00“. In applying the test the 
directions of K. Otto i and G. Ibuimert ^ are followed, 
according to which the sub.stance under examination is 
diluted with a suilicient quantity of water and mixed with 
a moderate <juantity of sodium hydrogen carbonate! in a 
flask, the cork of which has three ojicnings. 1’hrough the 
centre ojieiiing is pas.sed a thermometer which reaches 
nearly to the bottom of the flask, whilst the usual inlet and 
outlet tulles are pa.ssed through the other two openings. 
Washed carbon dioxide is admitted through the inlet tube, 
which also extends to the bottom of the flask, whilst the 
outlet tube leads to a condenser with which are eonneeted 
the vessels used as receivers, in the same waj' as described 
in (.329). The liquid is distilled on the water bath, care 
being taken to maintain the tenqierature rigidly within the 
limit lucntionod, and the distilhiti is treated as in (330). 

In the case, which in practice hardly over occurs, of its 
being nece.ssary to test not only for hydrocyanic acid and 
alkali cyanides, but iilso fir p/toxp/ifinin in the presence of 
e.om|ilex cyanides, only a small f|uantify of the liquid 
should be distilled, and the residue, in the distillation flask 
again acidified, and tested for pho.s]ihorus by Mitscherlich’s 
method (336) (It. Otto). 

(h) Mtihnds iv/iic/i tirr siiihiblc fir (‘liiii.inotinij tic dittnrbinif 332 > 
injlucnec of ferro- or f'rrici/iiiuuii ii compoiiniU, hut vol that 
of lli.ioci/onoiicn coiiijiouiidn. The substance, under examina¬ 
tion is diluted with water if necessary, rendered slightly 
ae.id with tartaric acid, and vigorousl)' shaken with an 
equal volume of ether. After separation of the ethereal 
layer, the shaking with ether is repeated. The united 
ethereal extracts will be free from hydroferrocyanic and 
hydroferricyanic acids, but will contain hydrocyanic acid 
originally jiresent and that liberated from alkali cyanides. 

The free hydrocyanic acid may now be separated from the 

^ Anle.ititn'j zur A a.'ttmftclxmj (it r 7tli od.. j>. 34 (18^)1)). 

2 Li hrhuch der (jeriohlUchcn Chcmic, 1, 2n(l eti., 'Zoi) (1007). 
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ethereal extract by shaking the latter with water containin'' 
sodium hydroxide, and may be detected in the aqueous 
extract as in Sec. 120, 7. 8, and !) (Jlarfoed,i Bcckurts and 
Sch6n|eldt).2 This method cannot be recommended when 
mercuric cyanide is present, bec.ause, although this com¬ 
pound is extracted when its aqueous solution is shaken 
with ether, it is only dissolved to a limited extent, and its 
complete extraction is dillicult; in this case the method 
given in (;133) is used. 

333.3. The e.xtremely poisonous mercuric cyanide yields a' distillate 
containing hydrocyanic acid only when a considerable 
quantity of the compound is present. If, however, a smaller 
quantity i.s present in dilute solution, no trace of hydrocyame 
acid is distilled, even when the liquid has been strongly acidified 
with tartaric acid ; but on adding a few c.c. of fresh hydrogen 
sulphide water and repeating the, distillation, the merenne 
cyanide will be completely deeonqiosed, and the, distillate will 
contain hydrocyanic acid (W, Autenrieth),'* iMen uiic ion will 
be found as mercuric sulphide in the residue from the di.stillation 
According to Autenrie.th,'* mercuric cyanide may be detected 
in the presence, of complex cymnogen ions as in (331) if the 
liquid to be distilled is treated wdth sodium hydrogen carbonate 
in not too small a quantity, and a lew c,c, of freshly [irepnred 
strong liy'drogen sulphide water are adiled. 

Mercuric orycyaniile may be detected in the same way as 
mercuric cyanide, by' means of this method; the commercial 
preparations of this compound, which has recently been occa¬ 
sionally used in medicine, iisiiallv contains considerable projior- 
tions of mercuric cyanide.-'’ 

If the ethereal c,\tract obtained as described in (3.32) contains 
mercuric compounds in addition to hydrocyanic acid, it docs 
not nccc.s.sarily follow that mercuric cyanide, was present, since 
other mercuric salts, especially' the chloride, are also soluble in 
other ((fadamer). The presence of mercuric cyanide (or of 
mercuric, oxycyanide) can only be regarded as delinitely' proved 
w'hcn the tests for hydrocyanic acid in (329) and (331) have given 
negative results, and that in (3.33) a positive, result; whilst, in 

I fjehrbuch der orya7iifichtn qitahUUiven Aruilysc, p 100(1881). 

ZexUch. until, ('hem., 23, 117 (1884). 

* [hf A nfjilulIImj dir (liffi', 41'h imI., j>. 24 (i!)09). 

* Arch. d. Fharm., 231, 107 (1893), 

5 K. Rupp, Arch. d. Fharm., 246, 470 (1908). 
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addition to this, meriairio ion has been found in the distillation 
residue. In an).' case, however, it must be l•cmembered that 
mercuric cyanide is always formed when mercuric and cyanogffi 
ions come in contact. 

* 

III. Method £or the Detection of Ordinary Phosphorus. ^ 

Sko. 207. 

Since the use of white or yellow pho.sphorus for the manufacture 334. 
of woodefi and other matches wa.s prohibited in Germany by an 
Imperial statute of May 10th, 190,‘l, to coim^ into force on .Ian. 1st, 

1!)07, cases of ])hos]]hofus poi.soning have been decidedly Ic.ss frequent 
than formerly, when the material was jjarticidarly easily accessible 
in the form of ])hosphorus matches. But phosphorus pastes and 
pills for ]]oi.soning rats and mice and drugs containing jihosphorus 
(phosphori,sed od and cod liver oil) may still be procured without 
dilliculty, .so that, even at the present time, the chemi.st i.s not infre¬ 
quently set the task of detecting pliosphoi’us in the contents of the 
stomach or in food. In such examination it is of primary importance 
tliat his solo aim must be to separate the phosphorus in the free 
condition, or to bring about reactions which depend upon the pre.sence 
of ordinari) {colourless, white, or yellow) phosphorus, for the detection 
of ted or liyht red jiliosphoriis, or of ])hos])horus in the form of phos¬ 
phates, Would be devoid of all significance, inasmuch as the former is 
non-poisonoua, and the latter are of normal occurrence in animal and 
vegetable organisms. 

Kiiiec any free phosphorus present is converted by the action of 
the air first into ]>hos[)horous acid and eventually into jdiosphoric 
acid, whiidi compounds no longer allow of any conclusion being drawn 
as to whether free phosphorus was originally jirescnt, it is essential 
that any unnecessary delay should be avoided. Since, however, 
particles of plios]ihorus enveloped in viscid organic substances 
r<‘(|uire a fairly long time before they are completel}' oxidised to 
phosphoric acid, the detection of free pho.s])horus in cadaveric 
remains is often successful, evim when the examination has not been 
made until several weeks after death (Neumann,^ ])ragendorff,“ 

' Since only ordinary (coloiii)oss, white, or yellow) nhosplioms is poisonous, 
whilst red or light red phnsphoius is not poi.sotious, the term “ phosphorus ” in 
the following section always means ordinary phosiihonis. 

* Taylor-Schlcler, Oijtc, II., p. 170. % 

® DragciKlorff. Dir (frrichflirli-c/ifniisrhr Krmiltclunij uon Gifleu, 3rd ed., p. i)0 
(Vandenhoek & Kuprccht, (lottingen, 1888). * 
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Fischer and J. Muller,i Elvers,= Mcdicus S). Phosphorus present in 
food in the proportion of 3 mgrins. in 12rt grms. could still he 
detected after 140 days; any material diminution in the amount 
of phosphorus .otdy occurred so long as the mass was still moist 
and spongy, whilst, after drying, only slight oxidation conti,nucd 
(Nattermann and Hilger). In the examination of dead bodies the 
trustworthiness of the results may, according to the re[)cated experi¬ 
ments of Sclmi,< be influenced by tire fact that by the putrefaction 
of albumin, brains, and even of parts preserved in spirit, especially 
viscera, there may be. formed volatile substances containing 
phosphorus, which are readily soluble in ether and carbon bisulj)lii(le, 
and turn a solution of silver nitrate brown. 

In examining dead bodies not only tlie contents of the slojiiacli 
and intestines, but also (he liver, brains, and blood have to be taken 
into consideration. tSiuce the brain .substance is itself rich in ])lios- 
phorus, and putrefied brain, when distilled with water, ma\- yield a 
distillate (•(jut.ainmg phosi)horus. it is advisable, to make a separate. 
e.xamination of the brain. In addition to the cadaveric remains, 
any vomit, fieces, or urine ^ present should also bo examined. Since 
the unpleasant odour which phosjihorus, even in very minute quanti¬ 
ties, imparts to food and drink gives a warning of its presence before 
they are taken, the detection of jdiosjdiorus is, in most cases, conlined 
to the examination of remains of food in cases of attempted poisoning, 
and is but seldom required in connection with cadaveiic remains. 

A. Detection o£ Unoxidised Phosphorus. 

1. Preliminary Examination. 

A test should first be made whether the, substance under examina¬ 
tion does not show by its odour or by pliosphore.scing in the dark 
that it contains unoxidised phosphorus, and to t his end care should 
be taken to bring the jdio.sjihorus envelojied in the mass into in¬ 
creased contact with the air by rubtiing, stirring, or .shaking. Jniiniii- 
escenco in the dark is not an absolute proof of the pre.scnco of 

^ Zeitsch. ami. Chetn., 15, 57. 

* Chem. Zcnlr., 1877, 70. 

* Zeitsch. anal, f'hcm., 19, 104. 

< Bcr., 9, 1127, and 11, IGOI. 

® With regard the characteristic nature and distinctive behaviour shown 
by urine in eases ot^ihosphoru.s poisoninK, see Sclini, ZciLsch. anal. Chem., 14, 
232, and 21, 481 ; v. Mering, Ibid., 16,607 ; Pesci and Stroppo, Pharm. Zentralh., 
1880, 166. 
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phosphorus, since there are also many other causes of such phosphoi- 
escence phenomena. A further e.xaniination must, therefore, alwajj# 
he made, begintving with the followini' preliminary tests :— 

(fi) A portion of the substance is stirred in a flat* porcelain dish, 
^hich is heated on a water bath in the <iark. Luminescent 
particles are then picked out, and may be subjected to further 
tests. 

[b] A little of the substance under examination is examined by 
J. Scherer’s method,' in which it is stirred with water, acidilied 
with tiulphuric acid, and introduced into a small flask, in the 
neck of which are suspended, by means of a loosely-inserted cork, 
two slrips of filter paper, one satnrate<l with silver nitrate .solu¬ 
tion and the othi'r with lead u(:<d.ate solution, and both of which 
have been dried with fllt<‘r )ia|)er after saturation, 'I'he strips 
must not touch each other. 'I'ho ll.isk is then heated at 30° to 
■t0° for a lone time (up to 21 hours) m Ihc ihirl-. Tf <inly the silver 
nitrate paper has then become blackened, the ])rescneo of free 
[fliosphorus is indicate<l; if both stri|).s ha ve been blackened, 
hydrogen sulfihide may bo the. cause ; but if the silver nitrate 
paper remains white, free jihosphorus is certainly not jire.sent. 
As a confirmatory test, the silver nitrate |)a|ier, if blackened, is 
ox'idised with oyi/n m/i« and extracted with water, and the 
extract evaporated and finally te.sted for phosj.hate ion by means 
of ammonium molybdate. It is essential to make a blank test to 
prove that any [lositive result obtained is not due to the presence 
of phos|ihate in the jiaper. 'I’o eliminate blackening of the silver 
nitrate jiajier by hydrogen sulphide, a sulphuric acid solution of 
2 to 3 grills, of cadmium sul|iliato nia.)' be added to the mass ; 
on the of.her hand, an addition of lead acelate must be avoided, 
since it has an influence on the phosphorus reaction of the silver 
nitrate paper.- Tnasmui’li as ]iositive reactions were obtained 
bv R.. I’resenius and Neiibauer “ with formic, acid, and by 

II. Natt.erniaiin and A. Jlilger with beer and milk free from 
liho.sphorus, Scherer’s method is a proof ol the, absence rather 
than of the presence of free phosjihonis. In the former case, 
however, it is very sensitive. If free, phosjihorus has not been 
jiroved to be absent by this test, the main portion must be 
examined by one of the. following mcthod.s : 

' Ann. d. ('hem. n. Phartn., 112, 2I(i. ** 

^ It Itlipp, Zeilsch. If'ntrt.'.-. Nnhr. 3, im (]yO<V. • 

^ (null. Chinn . 1, 338 (18112). 

d'J 
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2. Actual Examination; 

(a) By dislillntion with irater. 

336. This cxf.fillent and tnistwortln- inotlidd, devised by K. Mitscher- 
lich,l depends upon separating the ])hos])liorus in a current of sieani, 
and then causing it to phosplioresce. 

A large portion of the substance under examination is treated 
with water and a little dilute sulphuric acid‘^ or, if a simultaneous 
test is to be made for hydrocyanic, acid, with tartaric, acid, and 
introduced into a flask A (Fig. •').5, ji. 771) and gently boiled. The 
flask mu.st not be too small, or its contents may froth over ; and the 
safest )nethod is to heat it in an oil or calcium chloride bath. The 
flask is connected by means of the tube hh (bent twice at right angles) 
with the vertical glass condenser B, beneath which is a flask (I to 
receive tlie distillate. The test must be made in a dark room which 
is light-proof, and in which, of coiir.sc. no artificial light must b<' 
present. In order not to be misled by rellections in observing the 
phenomena in the, dark, the burner beneath A must he raised to its 
full extent, and completely surrounded by a mel.al cylinder, provided 
at the top and the bottom w'ith slots for t.he necessary sujijily of air 
to the flame. It is also advisable to introduce a black screen lietwcen 
the fla.sk A and the condenser J5, juovidcd wil.h a .suitable ojiening fur 
the passage, of the tufjc hh. 

If the sub.stancc in A contains ])hosphorus, the mo.st dist.inct 
j)hos|)horesccnco (usually a luminous ring which rises and falls) will 
be observed in the dark at tihc point where, the steam enters the uj)per 
cooled part of the condenser tube. Under these conditions it i.s 
possible to distil fromirit.) gnus, of mass containing only Tf) mgnns. 
of ])hosphoru3, i.r. only 0 001 per cent., more than 90grms.,over a 
period of half an hour without the luminescence stopping ; even when 
Mitscherlich interrupt.ed the experiment after half an hour, left the 
flask open for 14 days, and then continued the distillation, the lumin¬ 
escence again appeared with undiminished intensity. H. Nattermann 
and A, Ililger obtained a distinct 2 )hos])hoTCscence, which could not 

1 praJei, Chon., 66, 238. 

^ If tbf're IS reasou l<> suppose that phosphorus may have lioon inirodiiucil 
into the suiistanco umler examination in tlio form of matches, H. Hatter {Zcitsc/i. 
anal, Chem., 10, 255) reeominon'ls the furtlier addition of a little fcrrou.s chloi ide 
ur Ruljihate to eliminate IIm! rlistiirhinj; influence of oxiflisinjr sulistance.s in the 
match-heids. If, 11^ the imtluninary examination (335) a rc.iction for hydro^^eii 
sulphide has been obt.ainefl. h^riic chloritlc must be adilod to the substance to 
bo distilled, to prevent any liydrogeii sulpludti pa.saing over into tho distillate. 
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be overlooked, on distilling mixtures of O'l mgrm. of phosi)lioru8 with 
100 to 200 grms. of meat or vegetable, diluted to 1 litre. 

If a mass co^itaininf/ hoik hydTocyftnic acid and phosphorus is dis¬ 
tilled, the former will tend to be found in the earlier portioms of the 



Fiq. Of). 


distillate, and the latter in the later portions. It is, therefore, 
advisable, after about l.h e.c. have distilled, to change the receiver, 
so that any hydrocyanic acid which has distilled may Slot be obtained 
in too dilute condition ; care must also be taken in such cases to 
attach the lower end of the condenser to the receiver by means of a 
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perforated cork, and also to connect a U-tube, charged with sodium 
hydroxide free from cyanide, with the receiver (329). 

. If the liquid contains substances which prevent the phosphorescence^ 
such as ether, alcohol, petroleum spirit, phenol, crcsol, chloroform, 
oil of turpentine,! niany other essential oils, no luminescence 
will occur so long as these continue to distil. Since, however, ether 
and alcohol are rapidly distilled, phosphorescence will soon be 
observed when they alone are present; oil of turpentine and other 
essential oils, however, inhibit phos])horcsccnce permanently.^ Free 
sulphur does not interfere with the luminescence, but if hydrogen 
sulphide was present, or has been formed on acidifying the mass 
under examination, it must be destroyed by the addition of ferric 
chloride, as mentioned above, before heating the flask. Sidphur 
dioxide and chlorine, and also mercuric chloride,3 prevent the 
])hosphore3ccnce, and even ciqiric sul))hate has this effect if the ma.ss 
is only slightly acidilied (Bernbeck). 

If any considerable quantity of phosphorus is present, minute 
globules of phosphorus will be found at the bottom of the flask which 
receives the distillate, fn .Mitscherlieh's e.\p<“rimcnts a mass weigh¬ 
ing 1,50 grms , and containing 0 02 grm. of phosphorus, yieldeil so 
large an amount of pho.sphorus globules, that a temth of the quantity 
was sufficient for the identification of phosphorus. In forensic cases 
they should first be washed with alcohol and then weighed. A 
jiortion may then be submitted to fmther examination to jirovc 
definitely that it is phosphorus ; the remainder, and also a jiortiori 
of the liquid which shows the phosphorescence when distilled, should 
be reserved as exhibits in connection with the report. 

The distillation residue left in the flask A often contains an 
appreciable amount of jdiosphorus which has not distilled. It is no 
longer free umdiangcd phosphorus, however, for the greater jiart has 
been oxidised into jihosjihate ion (Pdi’"), and smaller fractions 
into pho.sphite ion (VO;/") and liypojihosjihate ion (VOa"), whilst 
a small portion has also been converted into red phosphorus (Natter- 
raann and llilger). 

TJie residue from the distillation may, if necessary, be tested for 
phosphite ion as in (349); in the same way further tests may he 
applied to the distillate to confirm the presence of phosphorus 
therein, or to detect phosjihito ion formed by the oxidation of the 

. ' oil of tiirpcntiiu- acts as an antidote to phosplionis poi.soning. 

^ (!. Sticli, Zeitsch. IJnUrs. Nahr. (JenuEs., 6, <557 (1003). 

3 K. PulstorfT and J. Meneching, Ber., 19, 1703 (188()). 
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jihosphorus vapour. If, however, the distillate is to he used for a 
quantitative estimalioA (which will only be roughly approximate) of 
the phosphorus present in the free condition, the distillation should 
be continued until the phosphorescence stop.s, and thg entire contents 
of the receiver treated with chlorine to convert the whole of the 
phosphorus and ))hosj)hite ion into phosphate ion, the latter esti¬ 
mated, after suitable concentration, by precipitation with magnesia 
mixture, and the amount of pho.sphorus, evcntuall}' weighed in the 
form of magnesium jjyropho.sphate, is doubled. Even then the 
quantity »f phosphoru.s thus estimated is frequently too small rather 
than too large. If the apparatus used for the distillation is not 
unnecessarily large, and the di.stillatiou is carried out in .such a way 
that the phosphorescence always a 2 )pears in the conihmser, and not 
in the flask or In the tube; connecting it wjtli the condenser, anti is 
continued until no further luminescence can be ob.scrved, even in an 
absolutely dark room, at least a half and, under es[)ecially favourable 
conditions, even three-quarters of the phosphorus present in the free 
condition is obtained. 

If the mass to be tested for jihosiihorus is of such a nature that 
it seems likely to cause the liquid to bump, it is .advisable to carry 
out the distillation in a llask heated on a saiul bath, and to introduce 
.steam at a moderate tension into the llask. If the ajiparatus is first 
lilled with carbon dioxide, and the distillation with steam continued 
sulliciently long, almost the whole of the free phosphorus present will 
be recovered in the receiver (.M. I!nchncr).i 

It .should be noted that the mere detection of j)ho.s])hate ion in 339. 
the distillate which has been treated with chlorine or nitric acid is 
not an ab.solute jiroof of the presence of free jihosjihorus in the sub¬ 
stance under examination, even when there is no po.ssibility of small 
[larticles of phixsiihoric acid having been caini'd over, by spirting, 
into the distillate. In this connection refeience may be made to the 
experimente of Selmi, mentioned on ji. 7(i3, and to those of H. W. 
Bcttiiik and F. C. E. v. Embden,- who, from the cadaveric remains 
of a man who had taken hypoiihosphites as a medicine, obtained 
distillates in which traces of hypiqihosjihite ion and of hydrogen 
pho.spliidc were detected. 

It is, moreover, of special importance that the so-called ji/ios- 
phorns sesquisalphide which since the prohibition of white 

phoajihorus matches in Germany has been occasionally used in the 

‘ Zcilsch anal. Cfiem , 14-, Hir). 

^ (’hem. Zenir., 1893 H , U04. 
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preparation of the so-called Swedish friction matches, which can he 
^truck anywhere, gives not only distillates containing the oxidation 
products of phosphorus, but also, on distillation, shows the same 
luminescence as white phosphorus. Mitschcrlich’s method is, 
therefore, only conclusive in cases where the absence of phospljorus 
sesquisulphide may be assumed with certainty, or where demenlanj 
phosphorus can be identified in that form in the distilhUe. This latter 
is detected by a microscopical examination, or by dissolving the sub¬ 
stance in carbon bisulphide. In the latter test the solution, when 
allowed to evaporate spontaneously, leaves a residue which })hos- 
phoresces when gently rubbed in the dark (Gadamor). 

840. A sharp test for the detection of white phosphorus m the presence 
of phosphorus sesquisulphide has been based by K. Schenck and 
E. Scharll 1 on the fact that the vapours from the former ionise the 
air, whereas those from the latter do not. A current of air is passed 
over the substance under examination, which is heated to 50°, and 
then conducted into a conipletely closed cylindrical metal vessel 
(dissociation chamber), upon the cover of which is placed an insulated 
electroscope, from which a dissociating body extends downwards 
into the cylinder. If the charged electroscojie shows a decrease in 
tension, white phosphorus was present. In this way it was possible 
to detect as little as 0 001 mgnn. of phosphorus; the electroscope 
indicated a decrease in the voltage of 0'4 to 0'5 scale divisions in 
5 minutes. 

(6) Btj exprUinf) the phosphorus in a current of carbon dioxide. 

341. JIuring the distillation by Mitscheilich’s method a very consider¬ 
able amount of the phosiihorus undergoes oxidation in the flask A 
itself (337), and therefore docs not pass over into the distillate, and 
for this reason the quantitative estimation made, as dc.scribed in (338), 
is very inaccurate. Since, however, the quantitative cstinration 
of the amount of phosphorus is of great importance, J. Scherer 
had recommended expelling the air from the distillation ap[iaratua 
and thereby preventing the oxidation. For this purpose he added 
to the acidified liquid in the flask A small fragments of calcium 
carbonate, and did not begin to heat the flask until a sufficient 
evolution of carbon dioxide had occurred. R. Fresenius and C. 
Ncubauer ^ preferred to pass a current of carbon dioxide through 
the apparatus diriing the distillation. This is generated in a Kipp’s 

‘ Ber., 39, 1522 (1906). “ Zeitsch. amt. Vhem., 1, 339. 
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generator, washed with water in a wasliing flask, and introduecid 
into the flask A by means of a gla.s.s tube, which passes tlirough tl|# 
cork and reaches to the bottom of the Jlask. 

Naturally such 'precautions have an injlucnrc on theyhosphorcsccncc, 342. 
which is due to the oxidation of tlie phosphorus vapour l)y the 
atniosplioric oxygen. Since, under some conditions, the plio.sjihor- 
escence is the only unassailalde proof of identilieation, wliil.st an 
approximate quantitative estimation is of ct|ual ini]>ortanco, attempts 
were made to discover the experimental conditions nmli'r which the.se 
conflicting requirements could be reconciled. This dillicnlty was 
obviated by Nattermann and Ililger l in the following method, in 
which the air is lir.st allowed to come in contact with the ])hos|ihoru3 
vajiour in the tube hh. If the pho.sfihoi'us 
has reached this point without oMdation, uo 
further loss need be feared, for the o.vidalion 
proilucts formed there will be cari'ied forward 
by the condensed water into 1 be reccivei-. 

Jn Nattermann and Jlilger's method the 
flask A, as shown in Fig. .55 (p. 771), is 
provided with a .stopper with three opiming.s. 

'I'hrough the first of thi'se is passed the tube 
(extending nearly to the bottom of the flask) 
which admits the carbon dioxide from an 
apparatus connected with a washing flask, 

.as in the apjiaratus of Fie.seuius and 

Neubauer; the second opening receives a tube, which al.»o e.xtends 
nearly to the bottom of the ll.isk, ami is connected with a steam 
generator, such as a small boiling flask ; whilst through the third 
opening is passed the vertical jiortioii of the tube hh, as in Mitscher- 
lich’s apparatus. This tube, however, is constructed as shown in 
Fig. 50, i.e. it has upon the jiortion which is slightly inclined towards 
the condenser a vertical branch, a few i iii. in length, which can be 
closed by moans of a rubber tube and spring i liji. An Flrlenineyer 
flask and cylinder are u.sed as the receivers. The former has a stopper 
with two openings, through one of which passes (so as to foim an 
air-tight joint) a tube reaching to the bottom of the lla.sk and con¬ 
nected at its other end with the condiuiscr. whilst the second ojicning 
receives a U-shaped outlet tube connected with the, cylinder, through 
the stopper of which it extends nearly to the bottom. An outlet 
tube passing through a second oiiening in the .stopper of thc^cylinder 
1 Forsrhuwjsberichle utter Lehtnsmiltel ii-uc.. 4, 247 (I8t)7). 
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is attached to a suction pump. A little water is placed in the Erlen- 
aveyer flask and cylinder. 

After the flask A has hecn charjred with the acidified suspension 
of the substance under (-.xamination, and the air has been expelled 
from the ajiparatus by means of a current of carbon dioxide, \Wiieh 
is continued, heat is applied to the flask. As soon as the liijuid 
begins to boil, which may be recognised in the dark by jdaeing the 
hand on the vertical part of the tube, hl>, the spring cliji of the branch 
tube is opened, and a eiirrent of air drawn through it by means of the 
suction pump. In the pieseucc of jihosjihorus very pronounced 
luminescence will be observed in the narrow tube bb. As soon as 
the lu7nincsc)vnce has been ilistiiHih/ observed, the sjiring clip is again 
closed, the suction jnimp detached from the receiving cylinder, and 
the distillation completed in a cm rent of steam (from the. steam 
generator), while the current of carbon dioxide is continued to the 
end. Finally the contents of both receivers are, oxidised in the 
manner described on p. 773, and the pliospliate ion determined.^ 
By this method it was found possible to detect O'OG mgrm. of phos¬ 
phorus, and to recover 92 to 95 per cent, of the pliosphonis present. 

343. More recent investigations hav'e shown that by making the test 
in this way, jihosphorescence takes jilace even in the presence of 
such substances as 2 ireveut it when Mitsclierlich's original method 
is used. As a safeguard, if no phosjihoresrenec has been observed 
cither in Mitscherlieh’s method of applying the test or that of Natter- 
inann and Hilger, a further portion of the substanee under examina¬ 
tion should be treated by the iollowing method of K. Fresenius and 
('. Keubaucr 2 before a final conclusion is formed. Thi.s is based on 
the fact that, on conducting the phosphorus vajiour, distilled in a 
current of carbon dioxide, into silver 7iitr<Ue solution, jiortions of it 
are converted into silver phosphide. The substance is introduced, 
with the addition of water if necessary, into a glass flask closed with 
a stojiper having two openings. The liquid is acidified with dilute 
suljihuric acid, and a slow current of washed carbon dioxide from a 
Kipji’s generator is introduced through a tube wdiich reaches nearly 
to the bottom of the flask, and, escajiing through the second tube at 
the top of the flask, passes through one or more connected U-tubes_ 
which should not be too wide. 'J'hese are enlarged at the base into 

* The pho.spliatc ion tlm.s obtiiim.sl, iiowcver, can only be regarded as 
definitely derived from ])hosphoi'US originally jiresent, when no particles of the 
distilling liquid hav*G*spiitf‘d over, ond when the substanco under examination 
was free from putrefying brain Hubstaneo (p. 7()8). 

* Zaiisch. anal. Che.m., 1, 340. 
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a series of l)ulbs, and each is charged with not more than 50 to CO c.c. 
of a neutral 0 per cent, solution of silver nitrate. When the fliUjjh 
is filled with carbon dioxide, it is heated on the water bath, the 
heating being continued for several hours. If free phosphorus is 
ju'c.'ient, it will volatili.se unoxidised in the current of carbon dioxide, 
pa.ss into the silver nitrate solution, and cause the formation of 
insoluble black silver [)hos))hidc, on the one hand, and of metallic 
silver and phosphoric acid on the other. Since a black precipitate 
may al.so be produced (by volatile nalucing substances or hydrogen 
sulphide)*in the absence of phosphorus, the mere formation of such 
a precipitate is not a definite i)roof that phosphorus is present, but 
its non-occurrence proves with certainty the absence of unoxidised 
phos])horns. 

Any precipitate obtaijiml is colliuitiul and washed with water on 344. 
a filter which has been previously thoi’oughly washi'd with dilute 
nitrie acid and water, lllonrllot's method, improved by Uusart,! 
may be used for the detection of the. silver jihosphido in the precipi¬ 
tate. In this method the silver phos]ihide, is decomposed by means 
of nascent hydrogen, with the formation of hydrogen ))hos])hidc, 
which is identified by its characteristic llamc coloration on ignition. 

This further e.xamination of the silver preeijiitate must be made an 
noon as possible after the precipitation is complete. A tyjie of 
apparatus for the test is dcscribeil by Nattermann and llilger, and 
shown in Fig. 57. 

A small flask a with a ca 2 iacity of about 100 c.c. has a wide neck, 
into which is fitted a cork with three ojienings Through two of 
these are jiassed the tubes c and d, be.nt at right angle.s, which either 
terminate immediately below the cork, or one, of which, c, prefer¬ 
ably (extends further down, hut docs not reach to the bottom of the 
flask. Hydrogen from a Kipp's apparatus is introduced through c, 
and then passes through d to the U tuhe i\ which contains fragments 
of jmmice stone saturated with concentrated jiotassium hydroxide 
solution, and finally esca[)es through the glass tube /, which is fitted 
with a platinum point The third opening receives the thistle 
funnel h, the tube of which reaches to the bottom of the flask a. 

The filter containing the black silver jirccipitate is cut uji and 
introduced into the flask a; this also contains a few fragments of 
pure zinc and sutliciont water to cover the lower end of the tube 6, 
the end of c being left free. Hydrogen from the, ^Kijiji’s apparatus 

' Zeitsch. aniil. Chan., 1, 129. • ^ 

‘ In i)almon’« motluxl (34G) this platinum point is indis|>eusable. 
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is now made to pass tkrougli the apparatus, the gas ignited, with the 
n^f'.essary precautions, and a note made as to whether the flame is 
colourless, i.e. whether the zinc used is free from pliosphorus. This 
test is rendered Vjtill more sharp hy observing the flame through a 
spectroseoj)(‘. Even the smallest traces of phosphorus are cliu*jac- 
terised by two pale-green lines (A=52G‘‘l and 510*7 /x/a), between 
which lies a faint green line. TJie spectrum is particularly sharp 



Fig. 57. 


when the flame is directed against the exteri(n- of a platinum basin 
filled with cold water. 

When the purity of the zinc and tlie sul]thurie acid has been 
ascertained in this way, a few c.c. of dilute (1 ; 5) sulphuric acid is 
poured into the flask through the funnel b. If phosplutrus is present, 
the green coloration of the flame a 2 > 2 )ears, although fretjuently not 
until after some time. In order to produce a hydrogen flame of 
suflicient size two Kipp’s apparatus may be used, their outlet tubes 
being connected by means of a T-piece. The addition of a few drops 
of platinohydrochloric acid to accelerate the evolution of gas in these 
apparatus does not interfere with the reaction. In order to facilitate 
the observation of the flame with the naked eye, J. Dalmon ^ recom¬ 
mends holding a suHiciently long narrow tube, such as is used in the 
chemical haniiomcon, and placing it in such a way that the flame 
1 Zeitrick. (fml. Cftem., 10, 132 (1871). 
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is depressed against the inner wall of the tube. The flame thus 
becomes more compa’ct without producing a musical note, and appe^ 
green over its whole area, while phosphorescent light waves are 
formed. If the tube is lowered the flame is compressed, and a dark 
bluj coloration sometimes aj)poars. It is doubtful, however, whether 
this is also due to the ph.isphorus ; only the.r/raoi coloration is deci¬ 
sive (0. liaumert).! By' this method Nattermann and Ililger wore 
able to detect O'tKXKXi mgrm. of phospliorus in the form of phosphite 
with the naked eye, whilst still smaller ipiantities may' be detected 
with thcfspectroscojie. The method is not suitable for a quuvliiulhx 
estimation, since only' about a tentii to, at most, a fifth of the phos¬ 
phorus present in the form of phosphite ion can be obtained as silver 
phosphide. 

The solution filtered from the silver precipitate (343) is freed 345. 
from excess of silver by means of hydrochloric acid, filtered through 
filter paper which has lieen thoroughly vva.shcd with acid and water, 
tlie free hy'drochloric acid e.xpelied by rejioated evaporation with 
nitric ai'id on tlie water bath, the residue dissolved in a little nitric 
acid, and the solution finally tested (pialifaitively for pho.sphatc ion 
by' means of molybdate reagent or a mi.xture of magnesium chloride, 
ammonium chloride, and ammonia. 

According to It. I're.senius and ('. Nculiauer, the method is also 
very sensitive even in the pi-esence of substances which prevent the 
luminescence of [iho.sphorus in Mitsidierlieh's method. On the 
other hand, it has been almost as freipiently asserted - as denied •'* 
that under certain conditions volatile substances containing phos¬ 
phorus may be formed in putrefying organic matter and especially 
brain substance, and that these give the Dusart-Blondlot reaction 
(0. Bauniert). Hence this test is not so conclusive as the occurrence 
of phosphorescence in Mitscherlich’s method. 

(c) Iff/ expcllimj l/u; phonphorn.i in a current af Injrlroijcn. 

Since, according to Blondlot, treatment of the substance to be 346. 
tested for phospliorus with zinc and sul])huric acid renders more 
difficult the further examination of the zinc-containing residue for 
other poisons, Dalmon ■* conducts ]iure hy'drogen through organic 

^ Lehhuch dcr gcnchihclicn Chemic, vol. I, 2nd c<l., |». 212 (ll/dT). 

2 Selmi, ncr., 9, 1127 (1870); 11, 10(11 (IS78); J. von d. IJageu and P. 
Weltering, Clie.m. Zentr., 1893, 11., 1103 ; Zatsch. fhikts. Nahr. Qtnuss., 

3, 685(1900). 

® 'A. Halasz, Zeitsek. amrg. Chem., 26, 438 (1901); 7i. Fischer, Ffiug^r's 
Arch. d. Physiologies 97, 578 (1903). • ^ 

* J. chim. midicale, 1870 .123 ; Zeitsch. inufl. Vhem., 10, 132 (1871) 
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substances containing phosphorus ; the gas, under these conditions, 
tfiking up phosphorus. The ignited hydrogeii flame is tested as 
described above (p.778) by placing over it a glass tube in the manner 
of the chemical <harmonicon. On washing the tube, in which the 
hydrogen charged with jihosphorus was burned, with a little water, 
the phosphate ion formed may be detected in the li(|uid by means 
of molybdate reagent. Neubauer,i who eonlirms Dalmon's state¬ 
ments, also calls attention to the fact that the escajiing hydrogen 
charged with j)ho.sphorus shows a fine phosphorescence in a dark 
room. 


(d) Bi/ dislillatwn with alcohol. 

347. If the substance to be examined is immersed in alcohol when 
received, the following method, devised by If. Hagcr,2 may be 
recommended. The alcohol is removed by distillation on the water 
bath, after the addition of a little sulphuric acid, and of ferrous 
chloride if there is reason for concluding that phosphorus derived 
from phosphorus matches is present. No phosphorescence will 
occur in this process, but the distillate will consist of alcohol con¬ 
taining phosphorus. On re.]>eating the distillation with fresh portions 
of alcohol, it is possible to separate small quantities of phosphorus 
completely in the distdlate. On then filling a test-tube to a third of 
its capacity with water, pouring into it about K) dro])S of the alcohol 
charged with phosphorus, and esjiecially the fraction whirdi distilled 
first, and shaking it in the dark, the whole, tube will appear to bo 
filled with pho.sphorescent light. The alcohol containing the phos¬ 
phorus becomes brown or black on the addition of silver nitrate or 
copper sulphate solution, with separation of the respective metal 
phosphides and elementary metals, and formation of phosphate ion. 
A test with lead paper will readily determine whether any hydrogen 
sulphide present was the cause of the formation of the dark pre¬ 
cipitate. 

(c) By extraction by shaking uilh solvents immiscible with water. 

348. On shaking liquid solvents for phosphorus, which arc immiscible 
with water, with aqueous suspensions of organic substances contain¬ 
ing free phosphorus, the latter is taken up by the solvents, and is left 
as a residue when they are carefully evaporated. For this purpose 
it is advisable to add a little water in order to protect the phosphorus 

^ ZotscK anal. Cfu’t/i., 10, 132 (1871). 

- Pfiarm. Zentralh., 1870, 455; ZeiUch. anal. Ckem., 10, 256 (1871). 
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from the oxidising action of the air, after evaporation of the solvent. 
Solvents proposed as suitable for this purpose include carbon bisijl- 
phidc (Selmi,i), ether (Lassaigne - and van Bastclaer ^), and petro¬ 
leum spirit (H. Hager).^ If the solvents are nearly removed by 
spcotaneous evaporation at the ordinary temperature, the residues, 
when poured ou to a flat dish in the dark, will, as a rule, immediately 
appear phospliorosccnt. They may then be submitted to further 
tests by the methods described above. In order to obtain the 
phos]>horua in as ])ure condition as ])ossil)Ie when mixtures con¬ 
taining fat are extracted with ether, van Bastclaer recommends that 
the residue, left on evaporating the ether in the presence of a little 
water, should be heated to bO" to tiO'’, that th(' resulting limited 
mass containing the phos])horus should be repeatedly .shaken with 
concentrated ammonia .solution to remove the fat, and that the 
jihosphorus, which w'ill not be appreciably attacked in the process, 
sliould then be washed, first witli waler containing a little sulphuric 
acid, and then with pure water. 

B. Detection of Phosphite Ion. 

If phosphorus in the free form has not been detected, tests must 349 
be, made to determine whi'ther the llr.st product of its oxidation in 
the air, phnsphilc ion. may not be pre.sent, h'or this purpose the 
residue of the distillation in (.'!.'}8) or in (-‘M-!) or (.'54,'i) is introduced 
into the ajiparatus shown in h’ig. .b? (p. 778), which has been charged 
and tested as in ('144), and a note m.ade whether the prc.sence of 
]>hos[>horus i.s indii'ated by the llanu! coloration of the ignited 
hydrogen (Wohler). If .such coloration ajipe.ars, the aim of the test is 
attained ; if not, the presence of organic substances may be the cause 
of its non-oeeurrence. Should the flame not be coloured, the tube 
with a platinum point /'is replacial by a U-tnbe, containing a neutral 
solution of silver nitrate, the taji again ojicned, and the gas allowed 
to pass for .several hours in a slow cm lent through tlio silver solution. 

If phosjihite ion was present, a jjrccipitate containing silver phos¬ 
phide will separate in the silver solution, and may then bt‘, further 
examined as in (344).'’’ In this way T. Polcck'’ succeeded in detecting 

1 B< r., 5, 289. ^ rhitnu. Zt ntntlh., 1850, 300. 

® Zfitsch. (Duil. Chfm., 13, 350. ' llnd., 20, 321. 

" The statement of W. Hcrapath {Vhann. J. aiid Tront., 1865, 7, 573) that 
phosphoric acid i*’ also reduced by zinc and dilute snlpliurio acid ia absolutely 
incorrect. ('J. Iho communicutions of H. Kresenius on thA point {Zeitsch. anal. 
Ckem.f 6, 203). • 

® Zeitsch. amt}, (’/inu., 30. 528. 
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phosphite ion in a dead body three months after death, whereas 
feee phosphorus could no longer be detected therein. 

4. Examination'of the Inorganic Constituents of Plants, Animals, 
or portions thereof. Manures, etc. (Ash Analysis). 

Seo. 208. 

A. Preparation of the Ash. 

, For the purpose of a qualitative analysis, it is usually sufficient 
to incinerate a small j)ortion of the substance to be examined for 
inorganic constituents, after careful purification. This is best done 
in a small eartlicnware muffle, into which the substance is introduced 
in a small porcelain or platinum crucible, although an obliquely- 
inclined crucible also answers the purpose well, and under certain 
conditions the ignition may also be effected in a small porcelain or 
platinum basin, a wide glass tube (cylindrical lamp glass) being used 
to promote thecurrent of air. The heat must always be kept moderate 
to prevent volatilisation of individual constituents, especially 
chlorides. It is not always nec.o.ssary to continue the ignition so 
far as to consume all the carbon. In the case of ash which contains 
much fusible salt, c r/. that of beetroot molasses, it is much better 
only to carbonise the mas,s by the application of moderate but long- 
continued heat, to boil the mass with water, and to com])lctc the 
incineration of the washed and dried residue. The aqueous extract 
obtained must obviously be added again to the ash of the insoluble 
portion, or evaporated to dryness therewith. Full details of the mo.st 
suitable method of incineration will be found in E. Fresenius’ Antei- 
tung zur quanlilalivcn Analyse. 

B. E.mmination of the Ash. 

A.S in the case of waters of natural occurrence, no essential 
differences will be shown by the qualitative analysis of the ash of 
vegetable or animal substances, since the inorganic constituents 
which are present in any considerable proportion are the same in 
every case.i Leaving out of the question certain substances which 
in many cases are only present in small proportion and arc absent 
in others, only a quantitative analysis can be regarded as sufficient 
to characterise an ash, and, as a rule, it may be made without a 

^ For thifl rcasori the analysis of ashes must bo dealt with in detail in quanti¬ 
tative anal^^iio? In this eonnection referenoe may be made to R. Fresenius’ 
Ai\lcHu7ig zur quanMafit'cn Amilyse. 
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preliminary (qualitative analysts, since the substances to which 
attention mmst be given are known.i A (qualitative analysis of asji 
may always bo of value, liowevcr, if it is made in such a way as to 
allow of an aq)])ro.ximate estimation of the relative; jiroportions of 
tlie (lilfcrcnt .substances. 'I'o dilTcircntiatc between ashes, it is qiar- 
ticularly imq)ortant to determine which substances (and what quan¬ 
tities thereof) are soluble in water and whi(!h arc soluble and insol¬ 
uble in hydrochloric acid. The following method of examination 
is suitable for this purqxjsc :— 

((/) Esii inination, of fioilions soluble in miter. 

The ash is boiled with water, the liipiid filtered, and the filtrate 352. 
e.xamined as follows, while the residue is being washed, 

1. A jiortion is heated, treated wit h hydrochloric acid in e.xcc.ss, 
again heated and allowed to stand. Eirervescenee indicates the 
presence of ulkah euibonotes ; an odour (>f hydrogim suljihide indi¬ 
cates the [ircsoncc of a sulqihido of an alkali metal formed from a 
sulqdiate by the, reducing action of the carbon. A turbidity, due to 
the separation of sulqihur, and an odour of sulphur dioxide point to 
t;he qjresence of thiosulpluile (occasionally found in coal ash). 'I’he 
liquid is filtered, if necessary, and treated with biiriiiiii chloride. A 
white jirccipitate indicates sulphute ion. 

2. A poi'frioii of the liquid is evaporated to a small volume, and 353. 
rendered just acid with hydrochloric acid (efTcrvescence indicates 
mrhotutle ion), a few drops tested for borute ion by means of turmeric 
jiaqier (.Sec. iDi), •h), the main .solution then evaporated to dryness, 

and the re.siduo taken up with hydrochloric acid and water. A 
residue indicates silteie, acid. It is filtered off, and a portion of it 
repeatedly evajiorated nearly to drync.ss in a qiorcelain basin with 
nitric acid, and tested for phosphate ion by means of ammonium 
molybdate solution (8ec. 107, Iff). 

3. A qiortion is treated with silver nitrate solution as long as a 354. 
qirecipitate forms, then gently heated, and ammonia solution cauti¬ 
ously added. If a black residue is left, it is silver siiljihide (derived 
from an alkali sulphide or thiosuljihate). The ammoniacal solution, 

1 If, iinih'r oxcoptionaf circumstanoes, the annfysts sfioiild tin e.xtenrled to 
include metals which are reducible on charcoal ami volatilise at the telliqieraturo 
of ignition (r.g. arsenic, zinc, cadiniiun, lead), but which can only he found in 
plants or animals under very delinik* eonditions, the .siihatanee under oxami* 
nation, instead of heing incinerated, should be tieated with,hydroehlorie acid 
and potassium clilorate (301), or by one of the other methods for th,^d^struction 
of organic substances described m (284). 
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filtered if necessary, is treated with nitric acid in slight excess, so 
^hat the silver pliosphate first formed is re-dissolved, and only silver 
chloride (iodide or bromide) is left, 'i'ho precipitate is filtered off 
and the filtrate, carefully rendered exactly neutral with aTmiioiiia. 
If a pale yellow [)re(U])itate is formed, the ])hos})hate ion formed in 
(353) is present in the ash as or/4ophos])haf.o, whilst if the precipitate 
is white it is present as pyrophosphate.^ Portions of the aqueous 
solution of the ash are tested for iodine and bromine ions, and 
eventually for chlorine ion as in (178) and (180).- 
355. 4. A portion is heated with hydrochloric acid, rendcre^l alkaline 

again with ammonia, treated with ammonium oxalate, and allowed 
to stand. A white |)r(‘cipitate indicates calciimh. The li(piid is 
filtered, and the filtrate treated with ammonia and sodium ammonium 
hydrogen ])hosphate; a crystalline precijiitate. which is often only 
perceptible after the Ihpxid has stood for some time, indicates 
nesimn. (Magnesium ion often occurs in the aipieous solut ion in 
distinctly appreciable (Quantities, and calcium ion only in V(‘ry minute^ 
traces, even when ('arbonates and phosphates of the alkali nudnls 
are present.) 

5. Tests for potas‘siuni and sodium are made as in See 173, and 
also, according to whether magn(\sium is present or not. as in (KiS) 
or (ItiO) and (17tl)- 

fi. Lithimn. whicdi is juosent in ashes much more fre(|uentiy tlnin 
was formerly believed to he tli(‘ cuse, and ruhidium, which almost 
invariably aei^ompanies potassium, are most easily dc'tected by nu'ans 
of spectroscopic analysis (vSec. 2li) in the residue consisting <»! alk;di 
.salts. 


(h) Emminution of the poiit())i insoluUe in water. 

3^.1, The greater ])ortion of the ash which has been exbausted with 
water is heated (after further incineratiou if it contains much 
carbon) with hydrochlorie acid (effervesc(mc(‘ in this qumccss 
indicating carbonate ion in comliination with alkaline earth 
metals, and evolution of chlorine, maruianc.^e oxides). The whole 
is then evai)orated to dryness after the addition of a few droj).s 
of dilute suljdiuric acid, and the residue lieated somewhat more 

^ Pyrophonphato ion can only be found in suc-h anhes as contain no oarl)onatc*, 
or at most very small (piantitios tlicroof. 

* To te.st with certainty for halogen ion.s in animal or vc'getabh* substances, 
soparat<‘ portions 4 >.iust be carbonised after the ad<lition of htidiiim caihonatc 
ami the i^^^queous extracts of the resulting residues (■xanimo<l (<•/. H. Frosimiiis 
Atilclfiiiig zar (ii(tinliUi(in')i Anob/»f‘. 11.). 
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strongly on an asbestos plate or sand bath to separate sUido 
acid, the residue? moistened with hydrochloric acid containinj? 
a little nitric acid, and tlie liquid heated, diluted with water, 
and filtered from the insoluble residue. The Jatter is washed 
witb-^vater, and the filtrate and residue then tested as follows :— 

(a) Soluliou. 367. 

(aa) A jDition of the liepiid is tested with hydrogen sulphide. 

If any j)recipitatc, othei' than a jiure white one, is 
pi'oduccd, it may be examined by the ordinary analy- 
• tical methods. (Plant ashes sometimes contain copper, 
and, under some conditions, also kad.) 

(bb) A portion of the solution is treated with ammonia 
solution until the resulting jirecipitate, no longer dis- 
apjiears when stirred, and ammonium acetate and a 
little free acetic acid then added, so as to render the 
reaction decidedly acid. In most ca,se.s this produces 
a white precijiitatc ot /erne pliosphnle, winch, under 
eertam conditions, may he mixed with a little nlumieiuia 
p/mip/ifiie. It is filtered off. wa.shcd, and heated with 
(lure hydroxide solution, the li<|uid filtered, and the 
filtrate tested for ulmnimum lun by acidifying it with 
hydrochloric acid and heating it with aniinonia. If 
neccs.sary, the residue insoliihle in potassiuni hydroxide 
solution may be dissolved in hydrochloric acid, and the 
solution tested for J'erne loii liy means of jiotassium 
thiocyanate. If the liquid filtered from the jircci- 
pitate (which consists .sold)-, or in the main, of ferric 
pho.sphate) is reddisli, more ferric ion is jiresent than 
corresponds to the phosphate ion ; if it is colourless, 
ferric chloride solution is added drop by drop until 
the liquid appears rod. h'rom the amount of precipi¬ 
tated ferric pho.s[ihate an estimate may bo formed of 
the quantity of phosphale ion present. 'J’Jie liquid, 
which wa.s originally reddish, or has been made so by 
the addition of ferric chloride, is heated to boiling point 
(if this does not render it colourless a little more am¬ 
monium acetate must be added, and the boiling 
repeated) and filtered while hot, and the filtrate 
neutralised with ammonia (any material excess being 
avoided) and again filtered, if ncce3sai^._ The filtrate 
is treated with yellow ammonium sulphide m^ boiling 

60 
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flask, which it nearly fills, the flask then closed and 
allowed to stand for some tiiAc, and the resulting 
precipitate filtered off, and tested as in (143) H seq. 
for mawjanesc and zinc, which latter is exceptionally 
present in ashes. The liquid which has not gi.''en a 
precipitate with ammonium sulphide, or the filtrate 
from a precipitate jiroduced by that reagent, is tested 
for calcium (with which a little strmiliiim may be mixed) 
and for tnaijnesium as in Secs. 171 and 172. 


()3) Re.fiduc. 

The residue insoluble in hydrochloric acid contain.s the silicon 
dioxide separated by the treatment with hydrochloric acid, anv’ 
barium present, the greater j)ortion of any strontium present, and 
pos.sibly some lead, in the form of suli)hates, and lastly the original 
insoluble constituents of the ash itself. In the case of most ashes 
these consist of sand, clay, and charcoal, i.e. of substances due to the 
imperfect purification or combustion of plants, etc., or derived fiom 
the crucible. Only in the case of the very silicious ashes of cereal 
haulms, etc., is a portion of the real ash not completely decomposed 
by hydrochloric acid. 

The washed residue is boiled bjr some time with a solution of 
sodium carbonate, the liquid liltercd while hot, the residue washed 
with boiling water, and sdicic acid detected in the filtrate by evajiorat- 
ing the latter with hydrochloric, acid as in 8cc. 115, 3. The insoluble 
portion of the residue is heated with very dilute nitric acid, and the. 
resulting solution tested for lead, barium, and Uronlium ion.'i by the 
ordinary methods. 

If the ash was completely decomposed by hydrochloric acid, thi.s 
part of the examination may usually be regarded a.s comjilctc (for it 
is seldom a matter of interest to make a further examination of 
adventitious admixtures of clay and sand by fusion met-hod.s) ; but 
if the ash was rich in silicic acid (a fact .suggesting that it was not 
conqdetely decomposed by hydrochloric acid), half of the insoluble 
matter left when the residue was boiled with sodium carbonate 
solution, and then extracted with nitric acid and washed, is evapo¬ 
rated to dryness with excess of pure sodium hydroxide solution in 
a silver or platinum basin. By this treatment the silicates of the ash 
are decomposed', whereas any sand present is but little attacked. 
The nff., residue is acidified with hydrochloric acid, the liquid 
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evaporated to dryness, and tests applied as in (350). For the 
detection of alkali metal ions in the portion of the ash insoluble in * 
water, the other half of the above-menlioiKid washed residue is 
c.’carained as in (228). If alkali metal ions are found *lioi'C, however, 
they («n only bo regarded a.s jiart of the real ash, if the latter was 
free from clay and other impurities whieli niighl jios.sihly contain 
alkalis. 

2. The remainder of the ash wliieli lias lieim e.vtracled with water 359t 
may he tested lot fluorine ion as in See. Ill, 7, hut .since, during the 
incineration, suh.stances containing lluoi ine are lust (Tainmaun i), and 
the residual portion may, under certain conditions, ho paitly dissolved 
by water, it is e.s.sential, wdien a dclinito decision is required as to 
whether an animal or vegetahle substance contains lluorine, to heat 
a separate portion of the suhstanci' with jnire potassium or sodium 
hydioxide, solution, to evapoiate the mixture to dryness, and to 
incinerate the re.sidiie. The residual a.sh is then tested a.s in Sec. 

Ill, 8 . 

' Ziindi CIS//. 1 7cSI., 24,:{ig. 



CHAPTER III, 

EXPLANATORY NOTES AND ADDITIONS TO THE 
J’RACTICAL PROCESS. 

I. Notes on the Preliminary Examination. 

From Si'cs. ITii) lo 1.52 hioliisirc. 

1.' It i.s froqiu'iitly po.ssilile, as an'iiOcun'd aliovc in (1), Innii a 
consideration of tlie })hysical ])i'o|KTt.i('s of a snijslanec. osjiec.ially 
when it is not a mixture, to draw a definite eonelu.sion a.s to its npnoial 
nature. If, for example, a substance is white, the inference may Ije 
drawn that it is not cinnabar ; if it is liglit, f.lie jire.sumption is that 
it is not a lead conijiound, and so on. 

Such inferences frequently lead more ra|pi<lly to ilie end in \iew, 
and arc therefore mori; trustworthy and advisable, .so hmn as they are 
confined to generalitie.s. When, Jiowevcr, they exceed this limita¬ 
tion, they easily becamie guesswork, foi’ preconceived ojiinions ari' 
formed wLich almost invariably lead to inaccurate results, owing to 
their tendency to make the observei' blind to the occurienco of 
reactions whicli point in the ojiposite dn-ection. 

2> In order to test the behaviour ot a substance at high tempera¬ 
tures, a small sjioon of iron or jilatimim foil, a crucible lid, or a small 
porcelain basin may be used, instead of a scaled glass tube Cl), but 
the results obtained in a tube can usually be observed more readily, 
whilst the nature of any volatile substances can be ascertained more 
easily, and there is less chance of their escajiing detection. Some¬ 
times it is advantageous to heat a portion of the substance in a short 
glass tube open at each end, and slightly constricted at the bottom, 
the tube being held in a slanting position, or to heat it in a glass tube 
bent at an obtuse angle (f.c. in a current of air), so as to gain informa¬ 
tion concerning any oxidation jiroducts which may be formed. 
Small quantities of a metal sul]ihidc, for example, may thus be 
c 

1 Tho''.. I'ubric numborH are used in t)ie same way as in the systematic course 
to facilitate the cross rcf('r<‘iiceH ; in all rcferciiees they arc jircHxed by “No. 

788 
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readily detected (Sec. 124, 8). Ar.so,nic and antimony compounds 
3 ’ield sublimates of the/oxides (sometimes in the case of arsenic mixed# 
with elementary arsenic, and always accompanied by an odour of 
garlic). , 

no. method of determining the behaviour of the substance when 
heated depends upon the <'ii'cuin.stanees. If there is a possibility 
of an e.X[)losive substance being present, it is .advi,sable to heat only 
a small amount upon a (irncible lid, or the like. If the odour of the 
escaping vapour is to lie observed, it is often |)rcfcrable to use a basin 
or cruciblc^lid rather than a glass tube, whereas the formation of a 
sublimate may be seen better m a tube. It a substance, when heated 
in a glass tube, yields v.rpour (8) or a sublimate (!)), care must bo 
taken, in noting the odour of the vapour there formed or jiroduced 
when the sub.stancc is heated on (diarcoal (II), not to inhale any 
consiilerahle quantity of the injurious vapours of mercuric salts or 
other volatile jioisonous sulistaiu es. 

If the prehniinary e.xa.mination shows that organic sub.stancca 3. 
(possibly mixed with inorganic substances) ari' present (8, Ik), (10), 
(2(i), it. is necessary in many cases to make use of other methods, not 
Corresponding with the ordinary conception of qualitative analysis for 
their qualitative examination. For the identilication of such sub¬ 
stances, the methods of organic chemist.ry must be utilised—methods 
which in many cases .are based upon a determin.ation of jihjasical 
constants (meltingqioint, boiling-point, etc ), or also of chemical 
constant.s (percentage, comjiosil.ion as estimated b\' elementary 
analysis, or molecular weight, .sajioniliiation value, etc.), which 
cannot be dealt with here. 

In view of the large number of compounds, the, ta.sk of ascertaining 
the nature of any given organic substances appe,ars e.Kl.raordinaiily 
dillicult. In the majority' of cases, liowevcr, conclusion.s may be 
drawn from other circumstances, such as the origin, use, etc., as to 
the kinil of substances which might po.s.sibly be present, so that then 
the number of substances for which tests must bo ajqilicd is materi¬ 
ally reduced. In this book only the oiganic acids of more frequent 
occurrence (and the more important alkaloids) are dealt with. Hence, 
it is only for the detection of the.se that the systematic course 
described is applicable. 

With regard to the blowpipe tests (11) to (17) especially, 4« 
beginners mu.st be warm'd not to inter loo nmeh, from the results, for 
it requires considerable practice to produce the iiTl«igrnena with 
certainty, and some experience is imlis])ensable for thei? correct 
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interpretation. In particular we may call attention to the fact that 
< illuminating gas only gives a luminous true redlucing flame when it is 
sufficiently rich in hydrocarbons (docs not contain too much water 
gas). If thi.s is,not the case, the defect may bo remedied by the intro¬ 
duction of carbon into the gas (p. 70). , 

5« Lastly, as a matter of experience, it may be mentioned that 
many beginners, with the idea of saving time and trouble, attempt 
to ascertain the nature of a .substance by means of the actual exami¬ 
nation, while entircl)- omitting the preliminary examination. Instead 
of demonstrating the unwisdom of this view, it need only bdmentioned 
by W'ay of illustration that those obses.sed by such an idea may bo 
seen spending hours in searching for all the organic acids, only to 
discover at last that none of them is jiresent. And all this trouble is 
taken merely to save time and trouble ! Especially, however, 
should the attention of beginners bo directed to the increase of 
knowledge which will re,suit from practice, olvservation, and drawing 
conclusions directly from the preliminary examination, and b}' 
which it will be seen that the re.sult3 here oblaiueil, although often 
only of general applicability, nucst never be contradictory to tlu' 
.specific results of the actual examination. 

U. Notes on the Solution of Substances, etc. 

Sees. lf)3 to 1,50 inclusive. 

6. If wo cijusider tlie characteristics of the classes given jn (31), 
into which substances, rvith the exce|)tion (jf elementary metals, 
may be groujied in accordance, wdth their behaviour tow'ards solvents, 
the clas.silicalion apjiears to be more shai]ily defined than is re.ally 
the case. This indefinitcne.ss is due to the .sparingly .sohdile substances 
occupying a posit ion on the boundary line, and frecpiently causes the 
beginner to draw erroneous conclusions. Hence some further 
details of this general classification must be given. 

The most ilillicult question is t(j determine exactly which sub¬ 
stances are to be regarded as soluble and which as insoluble in water, 
since a very large number of substances are only very slightly soluble 
in water, w'hilst ithsoluleh/ insoluble .substances do not exist, and the 
transitions are gradual, (,‘alcium sulphate (.soluble in about 4.50 
parts of water) might, perhaps, be adopted as the limit, since it can 
be identified with great certainty in aqueous solution by means of 
the sharp reagirits for calcium and sulphate ions at our disposal. 

When an aqueous liquid is evaporated to a small volume to 
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ascertain wlicther it contains a solid substance in solution, a very 
trifling residue is oftfen left, and the conclusion to be drawn from i^ 
is doubtful d In such cases the reaction of the liquid is first deter¬ 
mined by means of litmus paper, then a portion is tested with a drop 
of l^rium chloride solution, and finally a little sodium carbonate 
■solution is added to a second portion. If these reagents cause no 
change, anil the liipiid is also neutral, it is, as a rule, unnecessary 
to ap[)ly any further tests. The conclusion may be drawn that the 
substance from which the .slight permanent residue left on evapora¬ 
tion was*derived may be more readily identified in the substances 
insoliilile in water, since both the cations and anions which prin- 
oip.ally form S|)ariiigiy soluble compounds may be detected by the 
sensitive reagents used. 

If, in the examination of mixed substances not conqilotcly soluble 
in water, something h.as di.ssolved, it is be.s(, to ajijily .separate tests 
for the cations and anions to the aqueous sointion, since by such 
means the nature of (.he compounds ]i7’cscnt may be more easily 
ascertained and with greater cei-tainty—two advant.ages which out¬ 
weigh the drawback of liaving to test for the same substance in both 
aqui'oiis a)id ai’id solutions, 

.Substances practically insoluble in water but .soluble in hvdro- 
eliloric, or nitric acid include, although with e.xcejition.s, pho.S])h.ates, 
arsenates, arsenites, borates, carbonates, and oxalates (exccjit those 
of the alkali metals), also various t.artrale.s, citrates, malates, ben¬ 
zoates, salicylates, and succinates, oxides and suljihides of heavy 
metals, o.xides of aluminium and magnesium, many iodides and cya¬ 
nides, etc, .Ml hough nearly all of the.se compounds are decomposed 
by concentrated hot hydrochloric acid, if not by dilute acid (for 
except ions, .see Sec. 170), yet, in the jircscnce of .silver, mercurous, or 
lead ions, insoluble or nearly insoluble compounds arc formed in the 
process. This is not the c.asc whim nitric acid is used, so that com- 
|)lete solution may often be effected by means of that acid when 
hydrochloric acid leaves a residue. On the other hand, nitric acid 
does not dissolve antimony oxides, tin oxides, manganese dioxide, 
learl pero.xide, etc. (in addition to the substances insoluble in simple 

' If the test I.S made by evaporating the ligiiid on tile cover of a platinum 
crucible ovei a free llaiiic, fii.sible substances, .such as alkali salts, may easily bo 
overlooked until they are observed e.x.uetly at (he moment of solklilication or 
fusion when cooled or lieatr'd again, (lolourless substances evaporated in 
porcelain dishes may also easily be missed when they are iiply prea<‘nt in small 
proportion, and the test is made over a frtai Hame. Evapiirt't'gns on a clock, 
glass can only be earrieil out on the water bath or on an asbestos pil^e. 
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acids in general), and dissolves many others {e.g. ferric oxide and 
^luminium oxide) less readily than hydrochlorid acid. 

Briefly stated, the method of treating substances insoluble in 
water is, therefore, as follows ; An attempt is made to dissolve them 
in dilute or concentrated hot or cold hydrochloric acid; if no folu- 
tion or only partial solution takes place, another portion of the 
substance is treated with nitric acid ; it this is also unsuccessful, the 
substance is treated with agua regia, which is a particularly suitable 
solvent for metal sul])hidos. A separate examination of a hydro¬ 
chloric or nitric acid .solution, or of a solution in aqua rt^gia, is, in 
most cases, neither necessary nor desirable. 'I'ho preparation of an 
aqua regia solution, when the nainre of the .substance docs not make 
it essential, is also undesirable, since a hyd.rochloric acid solution is 
much more suitable for hydrogen sulphide pre(d]>itationa. Hence, 
in many cases, when the substance does not dissolve completely in 
acid, the preparation of an aqua regia solution may be avoided, and 
it is usually possible to j>repare a hydrochloric acid .solution, and to 
exanune the residue as in .Sec. 179. .Some cx])crience is required to 
decide whether this is practicable, and absolutely definite rules 
cannot be given here. .An indication is obtained by washing the 
substance which has been exhausted with hydrochloric acid, treai.- 
ing it with aqua regia, and evaporating the liquid scj)aratcd from 
the insoluble residue to see whether an)'thing further ha.s been 
dissolved. 

If this test is tej be uso<l, it is advisable in the examination accord¬ 
ing to (4(t) not to use the whole of the substance which has been 
treated with concentrated hydrochloric, acid, but to filter off and 
wash a portion thereof. In concentrating an aqua regia solution by 
evaporation, to remove the excess of acids, it must be borne in mind 
that volatile chlorides {e.g. mercuric chloride) may be volatilised, at 
all events partially, at the same time. Ilonce, the amount of acid 
mixture, used for prcjiaring the solution should only be just .suflicient 
for the jiurjiose. 

Solutions obtained by means of hydrochloric acid usually contain 
metals in the state of valency in which they were originally present 
(peroxides and oxides closely related to them form exceptions, as 
do also mercurous comjiounds, since mercurous chloride, when boiled 
for a long time with hydrochloric, acid, is gradually decomposed into 
mercury and mercuric chlorides). If, however, solutions are pre¬ 
pared by mcanw.uf nitric acid or aqua regia, oxidations frequently 
take place?, ’divalent iron, for example, is converted into the trivalent 
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condition, divalent into tetravalent tin, and trivalcnt into penta- 
valent arsenic ; tlii^ must always be liorne in mind. » 

If colloidal silicic acid separates in the course of the treatment 7 
with acids (33, c) (38), it is ncccssar}^ to decide frem the conditions 
whether merely the presence of natural silicates is indicated, in which 
case the proce.s.s described in iSec. 182 is followed, or whether, in 
addition to the constituents which (cv|iorience ha.s shown only to 
occur in such minerals, there may not also be ])rcsont other sub¬ 
stances in the case of artilicial glass (luxes, enamels or the like, 
or of iniStures of silicates with other substances). In this case the 
e.xamination of the solution and of the residue must not be restricted 
to the substances mentioned in Secs. 181 to 184, but the compre¬ 
hensive course given in Sec. 164 rt seq. and in Sec. 179 must be 
followed. 

In connection with the .solution of elementary metals and alloys 8 
(43), it should be noted that when these, arc boiled with nitric acid 
they sometimes yield white precipitates, even when the metals 
menti(jnod in (44), i.e. tin or antimony, or even silicates, are not 
present. These })rccipitates are often mistaken by beginners for 
o.xides of the elements mentioned, although they have quite a 
different ap)iearance. TJiey are salts of nitric acid, which arc only 
sparingly soluble in the nitrir; acid present, but are readily soluble 
in water. Before concluding that an insoluble white residue is due 
to tin, antimony, etc , it is advisable. t(5 see whether it does not 
dissolve in water. 

ni. Notes on the Actual Examination. 

Attention must bo directed here to many points wdiich, in order 
not to interfere with the general siiiwey, could not be dealt with, or 
f)nly briefly touched upon, in the course of the. analysis. It will also 
be shown briefly, and in small type, how the analytical scheme is 
extended when elements or compounds of rarer occurrence have to 
be taken into consideration in an examination. 

General notee on the, course of analysis for simple compounds. 

Secs. 157 to 163. 

As wa.s pointed out on p. 546, the course of analysis for “ simple 9 
compounds ” is really only an instructional course, since there is no 
external criterion by which a simple compound mlcy-.li.e recognised 
definitely as such, and hence in the examination of really unknown 
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substances there can obviously never be any certainty that only one 
sntion and one anion is present. It is, however, very suitable as an 
introduction to systematic analysis, because it sets before beginners 
at the outset only a limited task, the execution of which and tlie 
deductions to be drawn from the results can be more readily grasped. 

As the object of the course for simple com])ounds is instruction, 
only the ordinary conditions arc taken into consideration, and 
particularly complicated cases arc not brought to the notice of the 
beginner, in order not to confuse him. 

As a rule, the salts are to bo regarded as neutral, ■w.lthough 
obviously an oxide or a free acid may be presented for examination. 

At first it is advisable only to set the task of detecting the 
cation in an aqueous solution {cf. Appendix 11.). When a know¬ 
ledge of the methods used for this purpose has been acquired, the 
examination of simple compounds in solid form may then he under¬ 
taken. 

The aim of these analytical examinations is not to discov<'r as 
rapidly as possible what substance is ])rc.scnt, but to gain practice 
in observation and in drawing correct conclusions, to become really 
acquainted with the course and thoroughly familiar with the pro¬ 
perties of the substances to be exam ined—their appearance, behaviour, 
and solubility. Hence, the preliminary examination and the deter¬ 
mination of the behaviour of the substance towards solvents is now 
associated with the actual examination, and the conclusions drawn 
from the former, which are sometimes only of a general character, 
are compared with the results obtained in the actual examination. 

In particular, attention may be drawn to the use of the solubilit.y 
Table I. (Appendix IVb), in deciding which anicjii may be combined 
with the cation found (8ccs. 1.58, 1.59, IG], 1G2, in each case ,at the 
beginning or in the preceding general survey), and also bccau.se the 
use of this table impresses upon the mind the solubility proportions 
of the actual salts, which are not really investig.ated. 

10. The condition that only one cation and one anion shall be present 
is only really fulfdled in the case, of absolutely pure 8ub.stancos. In 
practice, it is frequently impo.ssiblc to avoid having the material 
under examination contaminated with very minute quantities of 
impurities. 

In such cases, the use of the different reagents may, under certain 
conditions, produce sliyht precipitates (i.e. faint reactions), which arc 
not due to the.ii,ct\lal substance under examination, or do not indicate 
its presendc." These may be ignored. After a little practice it will 
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be found easy to distinguish such faint reactions from those which 
are really signiticartt. A quite general indication is aitorded by t)»e 
fact that when a solid substance has originally been dissolved, the 
amount of any precipitate formed must bo approximately as much as 
tluj amount of sub.stanco contained in the (piantity of solution 
taken. 


Orncral notes on the anohjlierd course, for mixed compounds. 

Sees. 161 to 179. 

An analytical course for mi.'ccd ('ompouiid.s sbould be a]qilicable 11 
to all conceivable cases. Tf, howevau-, al.tctition had alwavs to be 
directed towards every possibb^ substance, the course would become 
so overloaded with details, wliieh in luo.st cases would be of no 
importance, that it would lose in clearness of outline, and would 
become much more circumstantial and tedious than is necessary for 
ordinary purposes. 

Hence, iu (diajder 11 . the elements and eonqiounds of rarer 
occurrence aic; not iueluiled (although they are dealt with in lhc.se 
notes) ; further, in tlu; examination for cations, for exaniph', the case 
IS taken into consideration of idl the anions siimiltaneously pre.sent 
not being- particularly noticeable, whilst allowance is also made for 
the ilillicultics caused ly the anions in certaiii cases. In like manner, 
both in the case of the cations and of the inorganic anion.s, the more 
simple ea.se is presented in which organic substances are not jire.sent, 
whilst at the same time directions are given as to the sjieeial pre¬ 
cautions which arc, necessary when they are ]iresc,nt. This method 
of treatment not only enables the abbreviated cour.se to be used in 
practice under simpler conditions, but also makes the student 
familiar from the first with a scheme of analysis which he can more 
easily grasp as a whole. 

T'ho process for the detection of different substances in the 12 
presence of each other in the same solution is based in the examina¬ 
tion for cations upon the complete separation of all the memlicrs 
belonging to a group iu the form of a precipitate, so that the filtrate 
i.s free from them, and upon the removal of the sub.stanccs still in 
.solution, by washing the ]ireci])il,ate to remove the last adhering 
portions of the filtrate. It is, therefore, a jirimary essential that 
both the precipitation and the washing should be complete, and it 
i.s consequently necessary to prove that this C(7.-\(}i_tion has been 
complied with, on the one hand, by adding a small am'otnt of the 
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precipitant to the filtrate, and, on the other hand, by testing the 
washing water (see p. 42). ' 

If this is not the case, the conclusions drawn from the sid)sequent 
examination of the different precipitates will often be uncertain or 
entirely false, because they are only justified on the a.ssuniption tjiat 
a precipitate no longer contains any sulistances which cannot be 
precipitated by the reagent used to produce it, or that a solution is 
free from .sub.stances precipitable by the preci|iitatiiig reagent 
previously used. If, for e.Kamjile, a solution lajiitains lead and iron 
ions in addition to (Iroup VI., it will yiehl a black piceipittite with 
hydrogen sulphide. If this precijiitate is not thoroughly washed, 
prior to treatment with ammonium sulphide, the ii'on ion will also 
bo precipitated from the adherent solution, and, on treating the nitric 
acid solution of the residue with ammonia at the point where bismulili 
ion is to be jirecipitated, a yellowish-brown precipitate of ferric oxide 
will be obtained instead of a white jirccipitate, and will mask any 
precipitate of bismuth hydroxide present, or at all events interfere 
with conclusions. Or, if a solution which contains barium ion in the 
presence of cupric ion is treated with hydrogen sidphide, and the 
precipitate is not thoroughly wa.shcd, a ])recipitate of barium sul¬ 
phate will be obtained on subsequently testing the nitiic. acid solu¬ 
tion with sulphuric acid, and may be mistaken for jirecipitated lead 
ion. Or, again, if lead and zinc, ions arc simnltaneously pic.sent in a 
solution, and if (c.//. owing to acidity being loo high) the lead ion is 
not completely |)rcci[)itated with hydrogen sul|)hide, (he addition 
of ammonium sulphide to the filtrate will jiroduce a black preeijiitate, 
which is only partly soluble in dilute hydrochloiic. acid, atnl tlu' 
insoluble portion of which might bo taken for cobalt or nickel sul¬ 
phide (although the fact that the solution was colourlcs.s is opposed 
to such conclusion). 

13« In making analyses of mixed compounds, it is in ])ractice neces¬ 
sary, after the nuiin e.tsetUinli of the process have been grasjicd, to 
accustom one’s self to make several examinations at the same time. 
Thus, when a precipitate has been obtained with a grou]) reagent 
(e.ij. hydrogen sulphide), a further test may be made immediately 
after the filtration of the. first jxirtion, to determine whether a pre¬ 
cipitate is produced in the filtrate by ammonium sulphide, and, if 
not, by ammonium carbonate. After filtration of a solution, the 
next precipitate may be jiroduced in the filtrate at once, without 
waiting untpLaff'e'first jirccipitate is conqiletidy' washed. In like 
manner, two or three such group precipitates may be simultaneously 
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subjected to further treatment. It is essential for this treatment, 
hovrever, th.at the^general grasp of the whole examination shouid 
not be lost, and that some mctJiod of recording the observations 
should be adopted, in which, as soon as an operation is finished, the 
re^ult.s obtained may bo entered in the ajjpropriate place (see 
Appendix III.). 

Special Nolen and Addilions 
To See. ir)7 (40-19) and Sec. 104. 

Uira^.ion.s were given at tlie beginning of Iriccs. 107 and 164 to 14. 
treat neutral or acid aipioous solutions with hydrochloric acid. It 
is best to do this dro[) by drop, it no ]ireei])itatc is formed, a small 
addition i.s usually .sullicient, because at tiiat .stage the Ihpiid is only 
acidified to jirevent the precipitation of metals of the fourth group 
by hydrogen sulphide. If a precipitate is formed, a new portion 
might be taken and acidified with nitric acid, as has been recom¬ 
mended by others J!ut, apart from the fact that in many cases 
this will also ]iroducc a jirecipitate, e (j. in a solution of potassium 
antimonvl iarlirate (tartar emetic), we, jirefer the use of hydrochloric 
aciil, / c. the complete [irecijiitation of .substances precipitablc 
thereby, for three reasons I’lrstly, metal ions arc more readily 
prcci[iitated from a .solution acidified with hydrochloric acid than 
from one acidified with nitric acid ; .secondly, the .subseipient analysis 
is materially lacilitated when silver, mercurous, or lead ions arc in 
solution, by the coiiiplete or [lartial precijdtation of tho.se metals 
as chlonde.s ; and thirdly, it is not possible to .separate these three 
catiuiiH in a form more suitable for identifying them in the presence 
of each other than that of chloride.s. Moreover, the use of hydro¬ 
chloric acid obviates the necessif.y for further tests as to whether 
any mercury ion detected among the metals of the fifth group was 
present as mercurous or mercuric ion. The fact that lead ion, if 
pre.sent in considerable f|uantity. will be found both among the 
chlorides and in the pre.cipitate jiroducod by h}-drogcn sulphide in 
acid solution can hardly be cited as an objection to thi.s method, 
since the examination for other members of the fifth, and also of the 
sixth group, will only be facilitated by the removal of most of the 
lead from the solution at the outset. 

The precipitate of the two insoluble chlorides and of the sjiaringly 15. 
soluble lead chloride jiroduccd in neutral or acid solutions (102) to 
(103) may also contain antimonyl chloride, 8brte'''.,(se[^irated, c.ej. 
from tartar emetic or an analogous compound), also bismuthyl 
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chloride, and, if the solution was concentrated, also barium chloride 
ftetastannic chloride, and, silicic acid; and, if th'e solution contained 
any of the organic substances which have to be taken into con¬ 
sideration here, ciituamic, benzoic, or salicylic acid may also be present 
in the precipitate. Antimonyl chloride and bisinuthyl chloride .wro 
re-dissolvcd on increasing the amount of hydrochloric acid. They 
have, therefore, no inlluence on the further e.'caraination. iiarium 
chloride, metastamiic chloride, benzoic acid, aiul saliiylic acid aj'e 
not preci]iitated from dilute solutions, and if the directions given arc 
exactly followed, none of these substances will bo present Bi a per¬ 
manent precipitate. Silicon dioxide is gelatinous; in the excep¬ 
tional cases where it is not precipitated by hydrochloric acid from 
an alkaline solution, the method given in (00) is used in the case of 
simple compounds, and that given in (100), hxjtnotc 2, in the case 
of mi.xod compounds. If organic substances arc^ present, the jire- 
cipitate is trcaiUsl with ether. If it dtssolvos comjiletcly, mcreurniis, 
silver, and load ions arc not present. If it does not dis,solve com- 
l)letol\'. the preci|)itate, thus freed with other from oi ganic .substanees, 
is tested as in (-17), (lOd), or (106). It is neither necessary nor desir¬ 
able to heat the liejuid after the addition of excess of h}-drochloric 
acid, since this might convert mercurous chloride, if precipitated in 
small amount, into mercuric idiloride. 

On washing the inccipitate produced by hj-drochlotic acid, a 
turbidity or a jirocipitate may be formed when the washings ai’c 
added to the first filtrate, if bismuthyl chloride, antimonyl clilorido, 
lead chloride, or mctastannic chloriile is present, this oecm ring in ( he 
presence of bismuthyl or antimonyl chloride when the amount of 
hydrochloric acid ])resent is not sullieiont to prevent the separation 
of the basic salts which cause the turbidity ; whilst in the presence 
of lead chloride or metastamiic chloride, it takes |)lace when the 
chlorides, which have been precipitated and ve-dissolvod by washing 
with water, encounter a sulliiaent quantity of hydrochloric acid in 
the filtrate to cause re-preci]iitation. Whether a precipitate is 
produced or not, the further course of the analysis is not altered ; 
for the.se finely distributed precipitates are converted into suljdiidcs 
as readily as though they were metal ions in solution. 

The prc.seuce of barium chloride in the precipitate produced by 
hydrochloric acid may also, when removed by wa.shiiig, cause a tur¬ 
bidity in the filtrate. But since this re-dissolves on further dilution 
with water,^tilo.cs''iiot interfere with the intelligent completion of the 
analysis. 
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If the precipitate which was treated with excess of hydrochloric 
acid and washed contained benzoic or salicylic acid, these acids 
would be dissolved in the subsequent treatment with hot water at 
the same time as lead chloride, but would not interfere with the 
detection of lead ion in this solution. 

On adding hydrochloric acid to an ulhiUnc solution, (104) to (108), 16. 
care must be taken to continue the addition, drop by drop, until the 
liquid has a strong acid reaction. The substance causing the alkaline 
reaction is neutralised by the acid, and the substances kept in solu¬ 
tion by, combined with, it arc precipitated. If alkali compounds 
of the nature of zincates or alumiuatcs were present, these may also 
be precipitated here, eg. zinc or aluminium hydroxide, ct(^ These, 
however, re-dissolve in excess of hydrochloric acid, whereas silver 
chloride or silich^ acid is not re-dissolvf'd, and lead cliloridti only 
with diliiculby. If the alkaline reaction was due to a sulpho-salt 
containing a metal in its anion, the addition of hydrochloric acid will 
])recipitate a metal sulphide (e.g. antimony sulphide), in some cases 
mixed with separated .sulphur ; whilst at the same time chlorine ioii 
remains in solution, together with alkali (or ammonium) ion present, 
and hydrogen sulphide cscajjos ; if it wa.s due U) a carbonate, cyanide, 
or sulphide of an alkali metal, carbon dioxide, hydrogen (yanidc, or 
hydrogen sulphide will be liberated. All these ]>licnomeiia must be 
duly observed, for they not only enable tlic jnescnce of the sub- 
stanc,c.s in question to be recognised, but also exclude wJiole series 
of sub.stanccs from the examination. Tims, for example, no cation.s, 
the carbonates of which are insoluble m water, can be present simul¬ 
taneously with the carbonate of an alkali metal, etc. 

Hydrochloric acid also ])roduces prc(!i|)itatcs m solutions which contain 
thallium compounds or alkali antiniouatcs, tantalates, niobates, or tung¬ 
states.*- Those due to antirnonic, inolybdic, atul tantalic acid dissolve in 
excess of hydroeliloric acid (the tantahe acid precipitate forming an opales¬ 
cent solution), whereas thallous eldoride, niobic acid, and tungstic acid arc 
either insoluble or only sparingly soluble on adding such excess. Hence, 
these latter, if present, will remain heliind in the prcc-ipitatc, wliicdi may also 
contain silvt'r, mercurous, and I(‘ad eliloridcs, as well as silicic acid. A 
separation of .sulphur occurring some lime after the addition of hydro¬ 
chloric acid, would, if also accompanied by an odour of sulphur dioxide, 
indicate the jire-scnce of thiosulphate ion. If there is reason to infer that 
the precqhtato produced by hydrochloric aeid may contain elements of 
rarer occurrence, it should bo boiled with water, and washed with boiling 

‘ Hydrochloric acid precipitates ordinary tungstic wdutions of 

salts of metatungstic acid, though only after boiling for some time. 
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water, and the filtrate tested for thaUium ion by means of potassium 
^odide. (Confirmation is obtained by means of hhe spectroscope.) On 
treating the precipitate, thus extracted with water, with ammonia solution, 
silver chloride is dissolved (oitlicr partly or completely), as is also any 
tungstio acid presfint. On then adding ammonium sulphide to the solu¬ 
tion, silver sulphide is precipitated, whilst tungsten sulphide is precipitated 
by treating the filtrate from the silver sulphide with hydrochloric acid. 
Mercurous chloride is converted by this treatment into a black mixture 
of very finely divided mercury and mercuric ammonium chloride, which 
may also retain silver chloride (J. Barnes, Moeek) (r/. p. 284). When the 
residue is treated as there described, the metallic silver may bij extracted 
by means of tlilutc nitric acid, silicon dioxide volatilised by means of 
hydrofluoric acid and sulphuric acid, and the residue of niobic acid left 
after the fusion with potassium hydrogen sulphate dissolved in dilute 
hydrofluoric acid. 

Notes In Hec. 157 (.50) to (55), and to iices. I(i5 and Kifi: 

, The separation of the difTorent groups of metal ions by means of 
hydrogen .sulphide iu acid solution and by means of ammonium sul¬ 
phide depend.s upon the fact that tlie solubilit)' product of metal 
sulphides decreases with the rise in the analytical groups, and that 
hydrogen sulphide is only slightly dissociated, whereas ammonium 
sulphide is di.ssociated lo a (Considerable extent. The result is that 
in the case of Oroup.s V’. and VT. the concentration of the 8ul])hidc 
ions of the hj'drogen .sulphide is .suflicient to cause the solubility 
product to be exceeded, whilst this is not the case with Grouj)s 1. to 
IV. The higher conc-entration of the sulphide ions when ammonium 
sulphide is used is then sulticient to cause the solubility product to 
be exceeded in the case of Group IV., but is not sufficient for that 
j)urpose in the case of the first three gnuips. But, since in accord¬ 
ance with the law of mass action, the dissociation of the hydrogen 
sulphide is checked by the hydrogen ions of acids simultaneously 
present, and since the more acid the solution of the metal salt the 
fewer will be the number of sulphide ions pre.scnt, it follows that it 
depends upon the nature and quantity of the acid simultaneously 
present whether, and if so to what extent, hydrogen sulphide pre¬ 
cipitates the metal ions of Groups V. and VI., whilst, on the other 
hand, when the hydrogen ion concentration is only slight, precipi¬ 
tation of sulphide in acid solution may occur in the case of certain 
members of Group IV. (zinc ion in very dilute sulphuric or acetic acid 
solution, and tp. some extent also iron ions in acetic acid solution). 
It is her* t(5 a considerable extent a question of reversible reactions 
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in accordance with tiie general formula, Af"+ 1128^^18 + 2 II‘, the 
course of which in thfe direction from left to right may be influenced* 
or entirely prevented by the pre.sence of considerable amounts of 
hydrogen ions, and, on the other hand, reejuires thu presence of an 
excels of hydrogen .sulphide. 

In other words, the preci|)itation of the- metal ions of the fifth 
and sixth group.s only takes ])lac'e when the solution does not contain 
too much acid, and a sufficient quantity of hydrogen sul])hide has 
been used. These conditions vary somewhat in the case of dillerent 
metal iot». Thus, for example, there is interference with the 
[irecipitation at a lower acid comientration in the case of lead ion, 
and especially of cadmium ion, than in the case of the ions of tlie 
other metals. Hence, the sej)aratiori of (Iruuji IV. from Group V. 
is not sharp under all conditions. 

With regard to the practical application of the method, the 
following remarks may be made ; — 

1. Hydrogen sulpliiile must alwa 3 's bo used in .sulliciont quantity ; 
thus when using hydrogen .sul|ihide water, c.ire must be taken that 
it is still in good condition, i c. that the gas originally jiresent in 
.solution has not volatilised or been decomposed b_y keeping it too 
long or under unsuitable condition.s ; the odour should be noted, 
and, if necessary, the action of the solution upon the solution of a 
metallic salt should bo tested (rf. p. 7.'5, footnote .5). 

2. There should be a medium and, above all, not too high a 
concentration of hydrogen ions in the solution. 

To satisfy these two requirements, it is well, when examining a 
solution to see whether it contains metal ions of Groups V. or VI., to 
add to a stmll portion of the .solution, prcviousl)' acidified, several 
turns its volume of hydrogen sulphide water in good condition. 

In testing the filtrate from a preciiiitate produced by hydrogen 
sulphide, the same procedure must be followed, i.e. a sufficient c.xcess 
of hj’drogen suljihide water must be ailded. and, if the precipitation 
is incom[)lete, the liquid is diluted before adding more of the reagent, 
for from what has been said it is clear that if the liquid is too acid 
the precipitation may be incomplete or may not take place at all. 

The production of a precipitate by mean.s of hydrogen sulphide 19. 
may also be inlluenced, checked, or [ireventcd by the fact that the 
solution under examination has an oxidising action upon the 
hydrogen suljihide, in which proce.s 8 water or hydrochloric acid are 
usually formed, and the snljihur sejiarates in elementary condition. 
There is an especial risk of this hajiponing in the case of nitric acid 

51 
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solutions ([larticularly those treated with hydrochloric acid) or of 
''aqua regia solutions, both when they are strongly acid, and when 
they have been treated at too high a tem])craturc. In this case, the 
sulphur often separates, not in a finely pulverulent condition, but in 
coherent masses (51, 1., 6) or (112). It may then mask or eni'elop 
any sulphide precipitate which has been formed, and render its 
subso(iuent treatment more difficult, even when eventually complete 
precipitation of the sulphide has occurred. Hence, so far as it is 
possible (cf. No. G), it is advisable first to heat such solutions until 
they no longer smell of chlorine, then to diliile them, arid to treat 
them in the cold with hydrogen sulphide. 

20. 'I'he jirecipitation of pentavalent arsenic (arsenate ion) by means 
of hydrogen sulphide can only be eft'oeted by heating the solution to 
at least 70°. It is, therefore, sometimes advisable (especially when 
a nitric acid or aqua regia solution is pre.sent) to add, when practicable, 
an aqueous solution of sulphur dioxide, or another suitable reducing 
agent, to convert the arsenic beforehand into the trivalent condition, 
and so to obviate the drawbacks mentioned above (No. Iff). 

21. It is stated in (51) to (55), (112), (11.3), and (118) that conclusions 
may be drawn from the colours of the precipitates. To do this a 
certain amount of caution and experience i.s necessary. (.)n the one 
band, even in the case of simple comimunds, traces of impurities 
may cause pale precipitates to ap])ear darker, whilst, in the case of 
mercuric ion, an error may result from the fact that it is only when 
the separation is com)dete, i.e. when a sufficient excess of hydrogen 
sulphide has been added, that really black mercuric sulphide, is 
preci]iitated ; or, again, a wdiite preci])itate of sulphur occurring in a 
yellow .solution (e.g. containing ferric ion) may be regarded as a yellow 
precipitate. (In both the la.st two casc.s errors may be avoided by 
adding a sufficient quantity of hydrogen sulphide, and in the last 
case by heating the liquid.) On the other hand, small amounts of 
jiale jirecipitates m<ay be masked by the simultaneous separation of 
sulphur (for further details, ,see No. 27), whilst simall quantities of 
dark precipitates rafiy be masked by larger quantities of a yellow 
or orange precipitate. Lastly, under certain conditions, in the case 
of solutions containing ion,s of several metals, j)recipitatcs may be 
obtained, the colour of which is not a simple mixture of the colours 
of the individual sulj)liides. Thus, for example, a mixture of stannic 
chloride and mercuric chloride solutions may yield a fine yellow or 
orange-red pre.npitate. 

In lice luanner, a solution of a lead salt in strong hydrochloric 
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acid may give an orange-red precipitate of lead sulpho-chlorido 
(wliich might be mistaken for antimony sulphide) instead of a black * 
lead sulphide precipitate. 

Moist sulphides, when exposed to the air, are [)a»'tially oxidised 22 
to sulphates, wliich differ from sulphides in their cliaracteristics as 
regards colour, solubility, etc //chcc, milplrkh- jirccipiUilcx must tiot 
he. (illowi’d to retnnin exposed to the lu'r in the moist condition, because 
difficulties in the further manijnilation may then bo experienced, 
((hipric sulphate, for example, may be dissolved during the washing, 
and be enwiuntered in the fourth grou)i, and nickel and cobalt 
sulphides do not remain insoluble during the treatment with hydro¬ 
chloric acid.) 

If, therefore, it is not possible to deal with a sulphide jirccipitate 
without delay afti'r the liltration and washing, it is better to allow 
it to remain beneath the unfdtored licpiid from which it was pre¬ 
cipitated. If, however, it is necessary to reserve a precipitate which 
has been filtered oil, the tube of the funnel should be closed by means 
of a piece of rubber tubing and a sjiring-clip (or a fragment of glass 
rod may be inserti'd in the tubing), and the [ireeipitate then covered 
with hydrogen sul])hide water or ammonium sulphide solution ; or 
the precipitate may be transferred b)' means of a jet to a basin or 
beaker, and then covered with the reagent. 

Since, even during the washing, there is some risk of oxidation, 
hydrogen sulphide water should be added to the washing water when 
the liipiid passes only .slowly through the lilt-er. or when the pre¬ 
cipitate was formed in an alkaline solution. 

The separation of members of Uroup VI. from those of (Irouj) V. 23 
depends on the formation of snljiho-salts, soluble in water, during 
the treatment of the sulphides of the si.xth grouj) with ammonium 
or sodium suliihide. Such sul|)ho-sal(.s are, only readily formed by 
arsenic and antimony sul|ihides, and by stannic suljihide, whilst 
stannous sulphide does not form a sulpho salt with alkali monosul¬ 
phides. Hence a yellowish alkali sul|)hide (containing some poly¬ 
sulphide) nutst be used. Too large a proportion of polysulphidc 
(recognisable by the dark yellow colour) must be avoided, however, 
since otherwise members of Hrouji V (especiall)' cupric sulphide) may 
also dissolve, but also, in jiarticular, for the roa.son that so much 
.sulphur separates from the filtrate from the insoluble suljihides of 
Group V. on treatment with hydrochloric acid, that, as a rule, it is 
not possible to observe the jirecipitation of coloured sul-phides^of the 
sixth group, which may' also take place. 
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Gold and platinum sulphides are also not readily soluble with 
certainty in alkali sulphide solution. It is, therefore, necessary to 
anticipate the presence of certain iiroportions of tin, gold, and 
platinum among the members of the fifth group. 

Since, as has been mentioned, cupric sulphide is not insolj^ble in 
" ammonium sulphide solution, especially when the latter contains 
poly.sulphide, it is better to use sodium sulphide for the separation 
of the fifth from the sixth groii]) in the presence of cupric sulphide. 
This can only be done, however, when no mercuric sulphide is present 
in the sulphide precipitate, since the former dissolves to an appreci¬ 
able extent in sodium sulphide solution, and this would interfere with 
the examination for members of Group VI. Hence, if mercuric ion 
should be present, ammonium sulphide must be used (even when 
cupric sulphide is also present in the precipitate). In this case it is 
only necessary to take into consideration the fact that a little cupric 
sul])hide may be pre.sent in the sulphides of Group VI., and that 
under certain conditions only cupric, sulphide is dissolved. 

This takes place the more readily the more polysulphidc the am¬ 
monium sulphide contains (*.c. the more yellow it is). But even 
when .sodium ,sulj)hidc is used, some cupric sulphide may be dissolved 
when arsenic or .stannic sulphide is present, since soluble double 
sulpho-salts of the arsenic or tin with copper and sodium may be 
formed. 

If the precipitate produced by hydrogen sulphide is not com- 
’ pletely washed, and portions of a solution containing metal ions of 
Group IV. still adhere to it, these ions may be precipitated, during the 
treatment with ammonium (or sodium) sul{)hide, in the form of sul¬ 
phides, which (even in the absence of members of Group V.) will 
remain insoluble and be mistaken for Group V., or else be mixed 
with it and so cause errors or, at all events, unnecessary work. 

If the solution to be treated with hydrogen sulphide contains 
' mercuric ion, in addition to stannic ion, it may, under certain con¬ 
ditions, when directly treated with ammonium sulphide, retain the 
whole of the mercury, together with the tin, in solution (presumably 
owing to the formation of a double sulphide or double sulpho-salt. 
Th. Wilm, Zcilsch. anal. Chem., 28, 99). In like manner, on treating 
the sulphide precipitate produced by hydrogen sulphide with am¬ 
monium sulphide, the mercuric sulphide will dissolve more or less 
completely when the lirjuid is diluted with water. If a 10 per cent, 
solution of am'monium nitrate is used instead of water, the solution 
of the^nercuric sulphide is prevented. But a portion of the stannic 
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sulphide will then remain undissolvcd among the members of Group 
V. (A. R. Cushman, 'Cliem. Ze,ntr., 1893, II., 775), which point • 
must be taken into consideration in Sec. 168. 

Not infrequently when acid solution.s are treated •with hydrogen 27. 
sulphide, or also when the ammonium sulphide, which has been used 
for extracting any metallic sulphides of the sixth group, is decompo.sed 
with hydrochloric acid, precipitates are obtained which have almost 
the appearance of piue sulphur, so that it is doubtful whether they 
should be tested for metals. In such cases (when comnkrable 
amounts oJ^sulphur have not separated in agglomerated mas.ses, as 
happens when hydrogen sulphide is introduced into hot solutions 
containing much strong nitric acid or aqua req/ia, or on acidifying 
ammonium sulphide solutions rich in jxilysulphides), the result is 
attained with certainty by the method described in the preceding 
analytical course of shaking the liquid with benzene or petroleum 
spirit, which will dissolve the sulphur but not the metallic sulphides. 

This obviates the necessity (excluding the above-mentioned ex- 
cc]>tional cases) of using the former <;ustom.iry but more tedious 
method of determining whether cations of the fifth (,r sixth group 
were jircsent, by treating the washed still moist precij)itato with a 
solution of bromine in hydrochloric acid, or with Imlrochloric acid 
containing potassium chlorate, diluting and filtering the li<juid, 
heating it to remove the free bromine, and again testing it with 
hydrogen sulphide. If it is desired to make a further direct ex¬ 
amination of the precipitate which has been freed from sulphur by 
means of benzene or petroleum spirit (as may be necessary in the case 
of small precipitates), the liquid with the jirecipitate in siisjiension 
should bo poured on to a moistened filter, the aqueous solution drained 
off, and absolute alcohol poured on to the filter. After the alcohol 
mixture has drained off, the precipitate is washed, first with alcohol 
and then with water, and used for the further examination. 

Of the rarer elements, the following are precipitated as sulphides from 28. 
an acid solution by means of hydrogen sulphide: Palladium, rhodium, 
osmium, ruthenium, iridium,^ germanium, molybdanum, tellurium, 
selenium, and possibly thallium.- 


r The platinum ore metals are precipitated with difficulty by hydrogen 
sulphide. The gas must bo introduced for a long time into the hot liquid if 
precipitation is to be effected. With regard to the .separation of those metals, 
see Mylius and Torstcr {Ber., 1892, 605). anil also Mylius and Mazzucchelli 
(Sec. 80). * , . 

^ Tungsten and vanadium will not be found in the piecipitate when it 
was produced in an acid solution by means of hydrogen sulphide ; but they 
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Separation of sulphur, however, through the decomposition of hydrogen 
sulphide in acid solution is caused by the fol]o\^ing compounds of rarer 
occurrence: Manganese and cobalt coiniiounds containing the metal in a 
higher stage of valency than the divalent condition, vanadates (accom¬ 
panied by a blue coloration of the liquid), sulphites, thiosulidiates, 
nitrites, chlorites and hypochlorites, bromates and iodatea. ' 

On treating the precipitate with ammoniuin or Hodmni sulphide, the 
sulphides of the following eleirients are dissolved (with the sulphides of 
ai*senic, antimony, etc.): Germanium, iridium, molybdenum, tellurium, 
and selenium; whilst tlie sulphides of palladium, ihodium, osmium, and 
ruthenium, and also of any thallium which may possibly be present here, 
remain undissolved (together with the sulphides of lead, bismutl*, etc.). 

Notes on Sec. 167. 

The method described in (124) for tlie sej)iiratinn of gold and 
platinum from the rest of the metals of Group VJ. depends upon the 
volatility of the chlorides of arsenic, antimony, and tin, and also of 
the sulphur of the sulphides in a current of chlorine. Since IIk; 
application of sueli a method is disagreeable and unsuita})Ic for 
qualitative analysis, H. h'resenius proposed to re])la(‘e the chloriiu^ 
by a current of air charged with the vapours of ammonium chloride 
and nitrate. It is an essential condition of this method that bot h 
the precipitate and also the ammonium salts should be thoroughl\' 
dry before they are juixed. If, in sjute of this, the mixture appears 
moist, especially after standing for some tina^, it must again 1)0 diK'd 
at lOt)''. Explosions may readily occur if the mixture is dried oii 
the sand ])ath or on an iron plati*. The residue of gold or platinum 
in the boat does not always show a distiiu-t metallic lustre. Mciie- 
over, frequently it only really dissolves after long heating with 
aqua regia. This must be borne in mind if the noble metals are not 
to be overlooked 

If the metals of rarer occurrence have also to be taken into consideration 
in a preci 2 )itatc of tin* sulpliidcs of Group VI., it should be noted tliat if 
there is also a question of iridium being present, the saine procedure must 
be followed as when the presence of gold and platinum lias to be taken 
into account. Iridium also remains in the residue after the beating vith 
ammonium chloride and nitrate. All the otiu'r sulpliidew are volatilised 
as chlorides. 

may be present if the liquid was treated Hist with ammonium sulphide and then 
with acid in excess, in wliieh case, however, the sulpludos of nickel or coball 
would also be found among those of the lifth and sixth groups. Thallium, 
which under ordinary conditions is not precipitated from acid solutions by 
hydrogen sulphide, may be precipitated in association with arsenious or anti* 
uionous sulphiilc in the form of a solid solution. 
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On fusion with sodium nitrate and carbonate (120) and extraction of 
the fused mass with cold water, germanium, tellurium, selenium, and^ 
molybdenum arc also Sissolved, together with the arsenic as anions. 

The methods of detecting the rarer elements in the solution, and of 
detecting iridium in the sublimation residue are given in .Sees. 93 to 98. 

• 

Notes to Sec. 168. 

The separation of the sulphides of the fifth from those of the 31" 
sixth group cannot always be completely effected by means of 
ammonityn or sodium suljihide, especially in a single treatment; 
hence, under certain conditions, traces of the sulphides of the sixth 
group may be found among the sulphidcrs of the fifth group ; in 
particular, small amounts of gold and platinum sulphides may easily 
be left among them, and thi.s had also to be taken into consideration 
in Sec. 108, especially (133). Sini’c the scjlution of platinum nitrate 
(which i.s obtained when the pl.atinum sulphide wa,s precipitated in 
the cold) is brown, the jiresenoe of platinum among the members of 
the (ifth group may .sometimes be recognised by the fact that the 
solution obtained by heating the .sulphides with nitric acid has a 
brown colour. On evaporating such a brown solution, igniting the 
residue, and heating it with nitric acid, melallic platinum is left, 
whilst the oxides of the other metals di.s.solve. 

The separation of mcreui'ic sulphide from ihe oilier members of 32< 
the fifth group by boiling them with diliif.e nitric aeiil is not suc¬ 
cessful unle,s.s the precipitate of .suljiliides was wa.shcd completely 
flee front chloride, lor otherwise aipm rei/iii is formed, which then 
oxidises and dis.soK'i's the mercuric sulphide. Oxidation of mercuric 
sulphide also takiss place when the mercuric sulphide is boiled for 
too long a time with nitric acid w'hieh is not siifhciently diluted. 
Under the.se conditions, however, the mercuric sulphide is not 
directly dissolved, but is first converted into Ihe white compound, 
2HgS i-Hg(N 03)2 (See. 71, 3). On the other hand, traces of the 
other sulphides may readily be masked by the sulphur which sejiarates 
during their solution, this sulphur freipiently appearing black, even 
in the absence of mercuric sulphide. With a little practice it soon 
becomes possible to determine, esjieeially from the specific gravity, 
whether a permanent dark residue h'ft after the boiling with nitric 
acid is mercuric sulphide or only coloured sulfihur. If, therefore, 
it is a ipie.stion of not overlooking .small ipiantities of the former, 
every dark residue mu.st be examined as in (1.33),. 

An insoluble residue left after the boiling with nitrk'acid may 33* 
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contain tlie sulphides of gold or platinum in addition to mercuric 
.sulphide, and also tin oxide, especially when thq. sulphide precipitate 
contains stannous chloride, or when colourless ammonium Bul 2 )hido 
was used for the separation of Groups V 2 . and VI. ; tin may also 
readily occur in the residue, for the reason given on jj. 804, No. 26, 
whilst the residue may contain lead sulphate formed from lead 
sulphide, Lastly, when mercury is present, more or less cadmium 
(all if it is only a small amount) may be left in the residue undi.ssolved 
by nitric acid. Hence, under certain conditions, it is necessary to 
test a residue insoluble in nitric acid for all these substantia. This 
tedious jtrocedure, however, is only neces.sary when the elements in 
question have not been found without sm^h tests (if thej^ have to be 
taken into consideration at all. which is not usually the case with 
gold and ])latinuni). The attention of beginners, however, should 
be directed to the fact that the oci urrence of an insoluble precipitate 
may be aecounteil for in this wa)', even when mercuric suljihide is 
not present. 

34. For the detection of lead ion the addition of a certain excess of 
.sulphuric acid is required, in ord(‘r that the solubility jiroduct may 
be exceeded with certainty, even with a low concentration of the lead 
ion ; at the same time, th<! solubility of the lead siiljdiatc! is increased 
by the jirescncc of nitric acid, and, hence, when a jirecipitate is 
formed, the nitric acid must bo evajioratod on the water bath. If 
an ab.soliitcly' dry mass is Icfl., an excess of sulphuric acid was not 
present, and more of that acid must be added. At the same time, 
too large an excess of sulphuric acid must be avoided, because other¬ 
wise too large an amount of annnonia will be required in the subse- 
C[uent treatment of the liquid. If, therefore, after cv.ajioration on 
the water bath, much thick oily liquid is left, from which nitric acid 
fumes no longer escape, it is better to ex])el a considerable jiroportion 
of the sulphuric acid by heating the residue more strongly^. 

With regard to the jirevontion of bismuthyd jiyrosiilphatc being 
mistaken for lead suljihate, rf. Sec. 76, 10. 'J'o jircvent this hajipen- 
ing, immediate filtration of the, residue from the evaporation, after 
dilution with water, is advisable. 

A sjiccial test for lead in the precipitate jirodiiccd by sulphuric 
acid is necessary, since it might be due to barium sulphate, which, 
owing to insiillicieiit washing of the siilidiide jirecipitate, could have 
separated at this stage. 

35. If the first hydrogen suljihido preeijiitato was not thoroughly 
washed, Jnd the solution contains iron ions (or if it is a question of 
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the case mentioned on p. 611, footnote 1), the precipitate produced 
by ammonia will cpntain ferric hydroxide (possibly in addition t(k 
bismuth). It will then have a yellowish to brownish-red colour, and 
must be tested for bismuth. But, ajiart from this, it is also possible, 
under certain conditions, for a ])recij)itate to be produced by am- 
jnonia, even in the absence of bismuth, e.(j. when mercuric ion has 
dissolved duringthe tr(!atment of the sulphide ])reci])itate (cf. No. 22), 
or when the separation of lead ion as sul]ihal(! has not been complete 
(cf. No. .34), or also when aluminium or chromic ion is pre.sent, and the 
first hydfofren sidphide precipitate has not been thoronahly washed. 

Ilencc, even when a [Hire white proci[)itate is obtained, it must 
always bo specially tested for bismuth by dissolving it in a little 
hydrochloric acid, and addiiiff a large amount of water. 

In the separation of cupric ion from cadmium ion by means of 36. 
potassium thiocyanate, it should la' noted that only cn])rous thio¬ 
cyanate is sufficiently insoluble, so that it, is necessary to add enough 
of a reducing agent to convert the whole of the cupric ion into the 
monovalent condition. The colour of the cop|)er ])reci|)itato i.s a 
good criterion whether this object ha.s been attained. The precipi¬ 
tate is relatively very line, and easily passes through the fdter ; hence 
it should be allowa'd to subside conipleti'ly (1.311), and care should be 
taken during the filtration not to disturb it, or to transfer any material 
quantity of it to the filter. In other cases, in the subsequent pre- 
cijiitation of the cadmium ion b}' means of hydrogen sulphide a 
brow'nish precipitate is often obtained instead of a pure yellow one, 

BO that it remains doubtful whi'ther any cadmium ion is present. 

On the other hand, the pre.sence of cadmium may also be rendered 
doubtful by a sejiaration of sulphur on the addition of hydrogen 
sulphide (12!)). Such scjiaraf.ion may take place when sulphur 
dioxide is used as reducing agent and tlie cxce.ss thereof is not boiled 
off prior to the addition of In'drogen sulphide water. It should be 
borne in mind that the detection of cadmium ion is less sharji when 
the liquid contains a considerable amiuint of free hydrochloric acid. 

But not only may t.ho jirc.sence of cupric ion cause a jirccipitate 
obtained in (129) to be of a dark colour, but other members of 
Uroui) V. may also have a disturbing iiilliiencc here, should they have 
been overlooked in the examination, or have been incompletely 
separated. If, however, a black jirecipitate is obtained in (129), a 
further examination must be made. If cupric ion is ])resent, or 
there is reason to infer that it is the cause of tile dark coloration, 
the precipitate is washed, and tested cither by means of potassium 
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cyanide solution, which will dissolve cupric sulphide and leave a 
/■esidue of yellow cadmium sulphide, or by boiling it with dilute 
sulphuric acid, which will dissolve cadmium sulphide, and treatment 
of the filtrate from the residual cupric sulphide with hydrogen 
sulphide water, whereby the cadmium ion is re-precipitated as 
sulphide (cf. Sec. 77, 4, and Cushman’s method there described). 

If this test is inconclusive, or if no copper ion is present, and the 
dark coloration is thus due to the 2 )resence of another metal, the 
dark precipitate obtained in (129) is carefully washed, and again 
cautiously treated with dilute nitric acid as in (12G). Jt<morcuric 
sul|)hide remains undissolvod, a small portion of the nitric acid 
solution is tested for cadmium ion by means of hydrogen sulphide. 
If a yellow |)recipitatc is not obtained, or if no mercuric sulphide 
was left undissolved, the nitric acid solution should be tested by the 
following method described in No. 37. 

37. In addition to the methods described in the analytical coursi^ 
the following process for separating the ions of lead, bismuth, eoiipcr, 
and cadmium also gives very Iru.stworthy results. The nitric achl 
solution is treated with sodium carbonate, so long us a ])rcci])itate 
is produced, and then with excess of jjotassium cyanide solution, and 
heated. This causes lead and bismuth ions to be jirecipitated as 
carbonates, whilst copjier and cadmium ions are obtained as j)otas- 
sium double cyanides in solution. 'I’he foi'iner may be readily 
separated (after thorough washing) by jneans of .sulphuric acid, 
whilst the latter are separated by heating the potassium cyanide 
solution with e.xccss of hj'drogen snijihide, and re-dissolving any 
cupric sulphide, simultaneously jirceij)itatcd, by the addif.ion of a 
little more jiotassiutu cyanide. Ihidmium ion may be recog¬ 
nised by the presence of an insoluble yellow jirecipitate of cadmium 
sulphide. The filtrate is treated with h)'drochloric acid; a black 
jirecipitate of cupric sulphide indicates the jiresence of cupric ion. 
Since hydrocyanic acid is liberated on the addition of h} drochloric 
acid, the operation mud he carried out in a fu-nu: cuphourd. 

38. If there is reason to suppose that the precijiitate, which contains 
the sulphur compounds of the fifth gr<jup, also contains the sulphides 
of palladium, rhodium, osmium, ruthenium, and thallium, in addition 
to the sulphides of cojiper, bismuth, etc., a small portion of the 
prccijiitate is tested sjiectroscojiically for thallium, and the remainder 
examined by the following method :— 

ft is fused with pota.ssium hydroxide and chlorate, the mass 
being fmtfly heated to redness, and then allowed to cool and treated 
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with water. The solution may then contain, in addition to potas¬ 
sium ])lumbate, j)otu.ssium ])ero8inatc and rutlicnate, and, in the 
latter case, will he of a deep yellow colour. By introducing carbon 
dioxide the lead ion may be jirecipitated as ciirbonate. On then 
carefully neutralising the filtrate with nitric acid, black ruthenium 
sexquioxide is precipitated, and, if the filtrate is treated with more 
nitric acid and distilled, osmium tetroxide will be obtained in the 
distillate. When the insoluble re.sidiic from the treatment of the 
fused mass with water is gently ignited in a current of hydrogen (in 
which«process any cadmium present might volat.ilise), and then 
cautiously treated with dilute nitric a(ad, rhodium and palladium are 
left, whilst copper and any lead, etc., still prestmt are dissolved. 
'I'hc palladium m.ay then bo dis.solved by aqua rajia, whilst the 
rhodium remains uiidi.s.solved. b’or the further e.Kumination of the 
metals thus separated, isdereiU'C may be made to Secs. 79 to 81 and 
See. 80. When the process outlined above is irsed, a sjiocial portion 
of the sulphide precipitate must be tested tor nicrcury. 


Notes to Sec. 1,57 (56), (6,3), (64), 65), and to See. 169. 

In testing tor cations the presence of organic acids maj-, in many 39 
I'csjiects, have a disturbing influence. 

1. Because the ])re(apitation of chromic and aluminium ion by 
means of ammonia may be jircvented by the anions of many organic 
acids, owing to the formation of conqile.xes, and, in the .same way, 
that of manganous ion by ammonium .sulphide may be affected. 
'I'licse cations are tlum no longer present, or not completely so, in 
the ammonium sulphide ])reci]iitate , they can, therefore, be over¬ 
looked, and, further, they can have a disturbing influence on the 
detection of the cations of tfroups 1. and II. Thus precipitates are 
.still formed, under certain condiliions, with ammonium carbonate, 
but cspeciall}- wif.h sodium ammonium hydrogen ])hos[)hate, even 
in the absence of members of the second group, and jiossibly by 
aluminium ion, although no precipitation was caused by ammonia 
or ammonium sulphide ; thus, in testing for alkali ions fixed residues 
are obtained, even when members of tlroup I. are not present. These 
2)recipitato3 and residues also interfere with the detection of cations 
of Groups II. and I., since it is assumed in thi.s course that other 
substances are no longer jircscnt in the respective jilaces, and the 
conclusions drawn from the phenomena which iliqiear are only valid 
when based on this assumption (of. No, 12 and No. 64). • 
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2. Because, in testing for barium, strontium, and calcium ions 
uedcr certain conditions, especially when too httle ammonia or 
ammonium carbonate was added, the organic acid salts of alkaline 
earth metals arc preeijiitated with the carbonates (or instead of 
them), and consequently mistakes may bo made in the further treat¬ 
ment of the precipitate, in that the anion of the organic acid may 
still be found in the solution produced by hydrochloric or nitric acid. 

3. Because they have a disturbing influence on tests for alkali 
jnetals. Thus, for exainj)lc, platiuo-hydrochloric acid produces in 
solutions of sodium salts of organic acids (cinnamic acid, etoi), pre- 
cipitable by acids, ]irccipitatc8 which in the yellow solution tuay be 
confused with potassium platinochloride. 

It is therefore advisable, in the examination of members of 
tfroups I. to III., to take the possible presence of organic acids into 
consideration. 

In the simple course this is mentioned in (riG, footnote 2), (03), 
and (Gb). 

In the case of mi.xcd compounds, organic acids or their ions, if 
present, should be destroyed before testing for members of Uroups I. 
to IV. ; this should be done in two separate portions by different 
methods, as desorilx'd in 8ec. IGf). It should be noted, further, that 
if the original .substance is completely soluble in water or acid, and 
contains no members of Groups Y. or VL, it may be used directly for 
the fusion with alkali carbonate and nitrate, or for heating with 
sulphuric acid, and that its solution need not first be evaporated. 

The destruction of organic substances by means of fusion in 
the portion in which members of Group.s 11. to IV. are to bo detected 
must be effected in a platinum crucible, because, if a porcelain crucible 
is used, silicic acid and aluminium may be taken up from the glazing. 
For the purjiose of solution, therefore, the fused mass should be 
transferred from the platinum vessel to a glass or porcelain vessel 
before the addition of hydrochloric acid, to avoid the possibility of 
platinum dissolving. Dcsjjite this fact, the fused mass occasionally 
absorbs a little I'latimim (especially if caustic alkali has been pro¬ 
duced from the potassium nitrate), and thus has a disturbing influence 
on the detection of metal ions, particularly of nickel and cobalt ions. 


Nolen to Sec. 1.57 (.50), Sec. IGO (84), and Sec. 170. 

40* Precipitation with ammonium sulphide should be employed for 
the.separation of the members of Groups III. and IV. from those of 
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Group II. (provided that, in addition to the latter, there are not also 
present phosphati), oxalate, borate, .silicate, fluorine, and possibiy 
tartrate or citrate ion.s). Pare must, therefore, be taken to see that 
neither the ammonia nor the ammonium sulphide contains carbonate 
(^wine to the absorption of carbon dioxide from the air, and that the 
ammonium sulphide is also free from sulphate (produced by oxida¬ 
tion by the oxygon of the air). Otherwise, even in the absence of 
the anions mentioned, i.e. of sub.stancc.s completely .soluble in water, 
biirium, strontium, and calcium i(uis maybe precipitated as carbonates 
or suljjiiates. It is then useless to attempt to detect the members 
of Groups III. .and IV. in such a precipitate. 

In doubtful cases, therefore, a to.st should be made as to whether 
the ammoni.a or ammonium sulphide gives a j)recipitatc with barium 
chloride. 

Magnesium ion may also la^ jirecipitated (incompletely) as by- 41. 
droxid(^ by meatus of ammonia free from carbonatit, if ammoniunr salts 
are not pre.sent in sufficient quantity to check the dissociation of the 
iimmoniunt hydroxide jtre.sent in the ammonia solution (p. 34). 

If, therefore, the solution does not contain so much free acid 
that a sufficient quantity of ammonium ion passes into the solution 
on neutralisation with a.mmonia, a corresponding quantity of am¬ 
monium chloride must first be added. 

If ammonium sulphide is added to the solution which has not yet 42. 
been neutrali.sed with ammonia, it is deconqmscd, so th<at (apart 
from the unnece.ssary and unjiloasant evolution of hydrogen sulphide) 
under certain conditions the precijiitation of the members of Group 
IV. does not take ])lace, or is only incomj)lete. 

If loo iimch ammonia is added, aluminium, and possibly also 
chromium, nifiy remain in solution as anion, and have the disturbing 
influence described in No. 3!), 1, on the detection of members of 
Groups I. and II. 

As it is frequently important in determining whether members 43, 
of Group III.,or (in the, presence of the anions of pho.sphoric .acid, etc.), 
those of Group II. are. pre.sent, to ascertain whether ammonia alone 
produces a preci]iitate, the test as to whether members of Groups III. 
and IV. arc present at all (as given in (137)) is made by adding first 
ammonia alone and then ammonium sul])hide. It is, of course, 
assumed that if a precipitate was previously produced by hydrogen 
sulphide, the excess of the gas was removed from the filtrate before 
ammonia is added. 

This is not necessary in the actual precipitation (Hi) or (151); 
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for this reason a precipitate (of sulphide) may, under certain condi¬ 
tions, be produced there by ammonia, whereas in* (137) no precipi¬ 
tate was produced by ammonia alone. In (141) or (151) ammonia 
may produce a precipitate of a different colour from that in (137). 

To be certain that the hydrogen sulphide was removed in (137), 
the liquid is o.xidisod, after boiling, bvheating it with a little nitric acid. 

44. In the test.s in (137) certain conclusions may be drawn from the 
colour of the liquid, or any change of colour on boiling it with nitric 
acid. Thus, it is a matt(!r of im[)ortance in the cour.so in que.stion 
whether the coloration indicates chromic ion (violet or gK;en, in 
any case green after boiling), i.e. whether (141) or (150) should be 
followed. A red coloration points to the [uescnce of cobalt ion, 
and a light green one to that f>f idekcd ion, But the last two col(,)urs, 
which are reciprocally complementary, can almost neutralise each 

. other, and even if a distinct coloration is not peroej)tibl(^ there is si ill 
the possibility that cobalt and luckel ion.s are jiresent. 

A reversion from colourless to yellow points, as a rule, to ferrous 
ion. 

45. If chlorine and iodine ions are present simultaneously in the 
solution, iodine may be liberated on boiling with nitric acid, and a 
yellow coloration be produced. The iodine may be detected by its 
colour. 

In this case, a dark precipitate of nitrogen iodide may be formed 
on the addition of ammonia (even in the absence of iron, aluminium, 
and chromium ions, as also of ])hosphatcs, etc., together with the 
cations of the second group). To avoid this, the liquid is evaporated 
on the water bath before the addition of ammonia, in order to expel 
iodine or iodine chloride, next diluted, and only then neutralised 
with ammonia. 

46. The conclusion that when ammonia produces no precipitate no 
cations of Group II. can be present, together with the anions of 
oxalic, acid and boric acid (138), is not unconditionally certain, since 
magnesium oxalate is only precipitated after .some tune, and never 
completely, from hydrochloric acid 8f)lution by means of ammonia, 
and since the preci[)itation of the alkaline earth borates may be 
influenced or inhibited by the pre.sence of ammonium salts. 

If, therefore, the conditions in the jjreliminary te.st (137) are 
slightly different from those in the definite preci])itation (141) or 
(150), the substances mentioned may, in the one instance, be absent 
from the precipitate produced by ammonia and ammonium sulphide, 
and in the (tther be present therein. 
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In the presence of ahiminium or chromic ion, small quantities 
of the ions of alkaVne earth metals may pass into the ammoniunF 
sulphide precipitate, if the frequently mentioned anions (the ions of 
phosphate, etc.) are ahscTit. t. 

JFor these reasons it is always wiser in very exact analyses to 
adopt the complicated course (1.5(1). 

The rca.son for the, statement made in (l lO) that., in the event of 47. 
the colour of the solution indicating the pri\scnee of chromic com¬ 
pounds, the comiirehensive course (11,3) slujuld he adopted, i.s that 
in the presence of chromic ion in tlu^ separation with sodium hy<lroxide 
(143) the zinc ion may be eom|)letcly preci|)itated ivilh the (chromic 
hydroxide (p. 8.5it), and therefore would not. be detected in the sinqile 
course in the usual jdace. 11 tlie sinqile course has been chosen, 
howi'ver, and chromic ion is found in (116), tlie precipitate containing 
chrominni must bo te.sted .again for zinc ion as in (116. yy), provided 
zinc ion has not been detected by hydrogen sulphide in the alkaline 
solution. 

It is .stated in (111) and (1-51) that the liquid should be shaken 48. 
until the precijiitate begins to sejiarate in tlocculent form, and should 
then be allowed to stand in a warm place. 

Tills is necessary, because the sulphides separate at first in 
colloidal form or in line suspension ; consequently the liquid will be 
turbid when jiassing through the filter, if it is filtered immediately 
after precipitation. The precautionary measures given, as also the 
addition of a corresjionding quantity of ammonium salt, will cause a 
separation which permits of clear iiltration {<■/. pji. 31 to 36, and p. 44). 

If the liquid has to stand in a w'arm place for some time, it is 
be.st to keep it in a loosely-corked boiling flask, in order to decrease 
the oxidising .action of the air as far as possible. 

Nickel sulphide dissolves to a slight c.xtcnt in excess of 49. 
ammonium sul])hide, owing to the formation of sulpho-salt ion.s. In 
consequence, of this, the precipitation of nickel ion by means of this 
reagent is, under certain conditions, incomplete. This may be 
recognised by' the brownish to dark brown colour of the filtrate. 
Such a colour always ))oint.s to the, jiossible ])resence of nickel ion 
(or vanadium ion, which behaves in the same way). Platinum ion, 
which may have been taken up on tbc destruction of the organic 
substances (cf. the end of No. 39 and No. 52), can also ]iroduce a 
brownish coloration. The extent to which the nickel remains in 
solution as sulpho-salt ion depends also on the amount of ammonia 
and ammonium salts contained in the solution (Sec. .59, 5). • 



816 EXPLANATORY NOTES AND ADDITIONS ch. hi 


If such a brown filtrate is obtained, it must be freed from nickel 
«ion before it can be tested for members of Groups I. and II. This is 
done by acidifying it witli acetic acid and heating it, whereby nickel 
sulphide (possibly also dissolved platinum or vanadium sulphide) 
sejiarates in such a form that it can be separated by filtration. 

The .solvent action of ammonium sulphide on nickel sulphide 
is also shown when the latter is washed with water contaiiiini' 
ammonium sulphide. For this reason, it is stated in (111) and (1,51) 
that only a very .small cpiantity of ammonium .sulphide should be 
added to the wa.shing water. •. 

I'he object of making such an addition at all is to [ircvent oxida¬ 
tion of the moist sul[)hidc by atmos[iheric o.xygen (No. 22) during 
washing. 

50. The separation of cobalt and nickel from the other constituents 
pre.sent in the ammonium sulphide precipitate (apart frojii certain 
amounts of silicon dioxide, calcium fluoride, and calcium oxalate 
(153)) de])ends uiion the solubility of their sulphi<les in hydrochloric 
acid. This rule, however, is not unconditional, and the hydrochloric 
acid must, therefort!, be dih/lrd and tn’ated in the cold. Neverthe¬ 
less, small quantities of nickel and cobalt sulphides are dissolved.! 
If the air is allowed to have an oxi<lising actirjn, the solution is 
materially ])romoted. h’or this reason, hydrogen sulphide water 
should be used for dilution. 

If the ajnmonium siiljibide precipitate is not black, i.e. does not 
contain nickel or cobalt sulphide, or at least only contains small 
quantities of these substances, it may lie treated with hot hydro¬ 
chloric acid which has not been further diluted, since only then (M2, a) 
can it be comjiletely dissolved. 

51. In order, how'over, to effect as complete solution of the other 
substances as possible when nickel or cobalt is jiresent, a sulficient 
quantity of hydrochloric acid diluted with hydrogen sulphide water 
must be used, since at lea.st one cipiivalent of hydrochloric acid must 
be present for each equivalent of the rcsjiective metals present. It 
is, therefore, advisable, if a fairly large residue (undissolved in the 
dilute hydrochloric acid) remained on the filter (147), to treat it 
again with a fresh ijuantity of the mixture of one jiart of dilute 
hydrochloric acid and four parts of hydrogen sulphide water. Even 

1 These will be present in the precipitates ])rmluced by sodium hydroxide 
(149), (159), which should be specially noted when no manganese, iron, or 
chromium is found -in such a precipitate. The chromium may also dissolve, 
forming a. blue solution (Sec. tiO, 1); a black precipitate is then obtained in 
testing fofzinc ion by means of hydrogen sulphide. 
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then, part of the remaining substances may escape solution (especially 
ferrous sulphide), fwing to portions of the ammonium sulphidi? 
precipitate being enveloped in separated sulphur. 

In order, therefore, to obtain the portion containing nickel and 
cobalt free from the other substances soluble in hydrochloric acid, 
it is not sufliident to wash the residue well, but, after volatilising the 
suljjhur, it must be dissolved in aqua regia (care being taken to con¬ 
tinue the treatment until everything has di.ssolvcd, because the 
ignited precipitate will have become very dense), and any ferric ion 
present (^len precipitated by moans of anmionia. 

If any platinum ha.s been taken up by the fused mass in the 52. 
destruction of organic substances (cf. end of No. 3!>), or if the pre¬ 
cipitation with hydrogen sulphide (113) was not complete, portions 
of members of (Iroups V. and VI. may have passed into the am- 
ULoniura sulphide ])reci])itate (Ml) or (bol). These will remain 
undissolved on treatment with hydrochloric acid, and may bn mis¬ 
taken for nickel or cobalt sulphide, or have .a disturbing effect on 
their detection. If this is thought to bo likely, or if, in the detection 
of iiiikel or cobalt ion, unusual phenomena oemir (r.g. it no nickel 
and cobalt ions are found, although a blade residue insoluble in 
hydroi’hloric acid was left, and no fer'i-ous sul])lude was jircsent), tlu! 
aqua trgia solution obtaineil in (T18) or (l.^i3) is freed from nitric acid 
by' evaporation, diluted, and then treated with hydrogen sulphide, 
and any' [>reci[iitate iiltcred off ; the filtrate, is t(!sted to .see whether 
a preci[)itatc is produce<l at all by'ammonia an<l animonium sulphide. 

(If it is probable that platinum ion i.s present., this can, if nece.s,sary', 
be separated by the addition of amnuinium chloride and evaporation 
to a small residue.) 01 the membeis of Oroup \. which may be 
found here, cadmium and lead ions enb-r first into consideration, 
because they arc not precipitated completely by hy'drogen sulphide 
from strongly acid sohition. 

Since part of the sulphides of Uroup V. cun be dissolved on 
treatment with hydrochloric acid (M2) or (l.'j2) (especially if it was 
not sufficiently diluted), they can also Imvc a disturbing influence 
on the examination of the soluf ion. 

I’or instance, in tc.sting with hydrogen sulphide for zinc ion (144), 
a black precipitate of leail sulphide may be produced in an alkaline 
solution. (It is dissolved in acid, f.he solution evaporated with 
.sulphuric acid, the residue taken up with water containing sulphuric 
acid, the lead sulphate filtered off, and the filtrate tested again for 
zinc ion.) 


52 
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In the same way, a precipitation may he caused by lead ion in 
'Vesting the hydrochloric acid solution with sulphuric acid for barium, 
strontium, and calcium ions (155). If this appears to be the case, 
(which may be recognised bj the ]«'ecipitate becoming black on the 
addition of hydrogen .sulphide water), the lead ion is precipitated, 
from a fresh siiHiciently diluted samjjle of the hydroehlorio acid 
solution of the ammonium sulphide ])recipitate, with hydrogen sul¬ 
phide, and the test only then made with sidjilmric acid. 

53. Jf the original .sobition was not a pure aqueous one with a neutral 
reaction, any residue left on treatment of tlu; ammonium stdphide 
precipitate with hydrochloric acid (15.3) may also contain silicon 
dioxide, calcium fluoride, calcium o.xalato (and po.ssibly also luirium 
sulphate if the ammonium sulphide contained sulphate, or if sul¬ 
phate was formed on exposure of the sulphide jirecipitate to the air, 
or during its .solution) If the ifvmullmieon.f presence of all the.se 
substances h.as to bo taken into consideration, the procedure 
described in the course firr .sub.stances insoluble in acid (1!)'.)) or No. 8'i 
in this chajiler should be adopted. In testing for calcium ox.alate, 
which is insoluble in the dilute a<id, a portion of the unignited 
precipitate should be dis.solved in strong hydrochloric .acid. 

54. The te.st with potassium nitrite for cobalt ion should be a]i]ilied 
in not too dilute acetic acid solution. As a suitable method nickel 
and coba,lt ions may be ])reci|iitateil as c.arbonates with .sodium 
carbonate, and the precipitate filtered off ami dissolved in acetic acid. 
(The mineral acid solution could also be treated with .sodium acetate, 
but in that case the liquid is easily rendered too dilute or the acidity 
is not .sulllciently rcjiro.ssed.) It should be noted that, it all the 
ammonium salts have not been previously e.xpelled in (118), the 
liberated ammonia may prevent the precipitation with sodium 
carbonate. 'ITie acetic add solution may be tc.stcd with dimeth\l- 
glyo.xime for nickel ion (Sec. iiO, 18), and with a-nit.roso-^-n,aphthol 
for cobalt ion (Sec. GO, 18), instead of by the method de.scribed in 
(149). 

55. In testing for manganous and chromic ions in (14G) the pre¬ 
cipitate is fused with sodium carbonate and potassium chlorate. If 
both are prc.sent together, the green or I’cd colour of the manganatc 
or permanganate masks the yellow colour of the chromate. In order 
to recognise the latter, the aqueous solution of the fused mass is 
boiled, in this case, with a little alcohol, which reduces the manganese 
compounds to hydrated rnanganc.so dioxide. >So long as this brown 
compound is suspended in the liquid, however, the latter may very 



SECS. 157, 160,170 AM. SULPHIDE PRECIPITATION 819 


well appear yellow, even in the absence of chromate ion. Its colour 
therefore can only he really judged after the hydrated manganese* 
dioxide has been removed. 

To test for the degree of valency of the iiifn ion (145) (156) 56 
jjotftssium Ihwcyanutc and pota.ssium ferrocyanidc should be u.sed. 
Potassium ferrocyanidc may lead to errors in the case of small 
quantities of ferric compounds, owing to the fact that Prussian blue 
dissolves in excess of fernuiyanido solution. If, however, this reagent 
is used, it shmdd only be a]]])lied drop by drop, 

Notes'on the ehffcrenluilion- of (dkaline earth p/to.iphates, horaies,57 
etc., from olunmtium hi/droj'ah; and zinc ealphide, and on the separation 
of the anions of these alkaline earth salts, (8(i) to (89) and (156). 

(а) It is stated in (86) in deciding whether the white ajumonium 

suljdiide precipitate (8.5) is, on the one hand, aluminium 
li 3 'droxide or Kinc .suljihide, or, on the other, is the salt of 
an alkaline earth metal, that the original hydrochloric acid 
solution should bo treated with concentrated potassium or 
sodium hj'droxide solution in e.xcess, and boiled. The 
latter is necessary, because calcium tartrate is soluble in 
cxce.ss of alkali hydroxide solution in the cold, but 
separates again on boiling. Under certain conditions this 
reaction may fail (p. 5tlO, footnote 1). If this appears 
to be the ca.se (it is inilicated by a yellow coloration of the 
akaline solution on boiling), the precipitate obtained in (85) 
may have been calcium tartrate, even if no permanent 
precipitate was formed. If, therefore, the preliminary' test 
showed the presence of organic substances, the precipitate 
obtained with ammonia (81, hb) is tested with resorcinol 
and sulphuric acid, to see whether it contains tartaric acid, 
and then tested for the cation according to (89, 5). 

(б) It i.s stated in (88) that the liyilrochloric acid solution should 

be rendered alkaline with amuionia in testing for phosphate 
ion (or for its sejiaration), and that acetic acid should then 
be immediately added. This is necessary, because the alka¬ 
line earth phosphates only re-dissolve sufliciently readily 
directly after jireeipitation, while they are still flooculent. 

If they have become crystalline on standing, so much acetic 
acid is required for their solution, that the subsequent 
separation of ferric phosphate and of excess of ferric acetate 
can no longer bo effected by' boiling. In this case it would 
be better to dissolve such a precipitate by the addition of 
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liydrochloric acid, and then carefully t<j add ammonia 
again, followed immediately by acetic r,cid. If the exami¬ 
nation is correctly carried out, a colourless iiltrate free from 
ferric ioh will be obtained, after boiling. 

(c) The following remarks may be made on 150 :— 

1. The separation of phosphate and silicate ions by means of barium 

carbonate is only complete when these anions are separated as 
aluminium or ferric salts, that is to say, wdien an excess of the 
ion of at least one of these metals is present. Since a test for 
ferric ion can readily bo made in a separate poition of the solu¬ 
tion, an excess of feme chloride is added after the te-st has been 
made. The presence of ferric ion may be recogiiisicd by the fact 
that ammonia jiroduces a yellowish precipitate (not a white 
precipitate of h’el’ 04 , as is the case without an excess of ferric ion). 

2. Both in testing for iron ions and in precipitating them by means of 

barium carbonate, it is essential that they should be jiresent in 
trivalent form. Conseijuently in (15-1) the hydrogen .siil|iliide 
niust be actually boiled away and the iron then oxidised with 
nitric acid (150). Before testing for ferric ion with potassiiiin 
thiocyanate, the solution inii.st be cooled, since in the jirescnco 
of hot nitric acid either no reaction occurs in the presence of 
ferric ion, or a reaction taking place in its absence may be due to 
nitrite ion (Sec. 12(i, 11). The solution must also be cold when 
tested with potassium ferricyanide, as this will otherwise bo 
decomposed, and a blue coloration may [lossibly appear, even 
in the absence of lerric 1011 . 

3. Since there may be a disturbing iniluence if the liquid still contains 

much free acid before the addition ol barium carbonate, so that 
on the one hand much barium ion dissolve.s, and, on the other, 
much carbon dioxide is evolved, which then causes a larger 
quantity of barium ion to dissolve as barium hydrogen carbonate 
(owing to which facts a very large jirecipitate would be produced 
ill (158)), the licjiiid is first evajiorated to a small residue, whereby 
chlorine or an excess of nitric acid is exjielled (sec 5 infra), and 
the liquid tlicn nearly neutralised with sodium carbonate. 
Tlie final evujioration is best carried out on the water bath, in 
order to avoid coinplcto dryness, and the formation of a residue 
which dissolves with difliculty, even in acids. 

4. Tlie separation of trivalent cations and anioics of phosjihate, etc., 

from divalent cation.s is only effected by barium carbonate, 
whcrea.s sodium carbonate also precipitates divalent cations. 
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WJion neutralising tlie iiijiiiil with sodium carbonate, cave must, 
therefore, he taken to avoid precipitation taking place. Shoulc^ 
this occur, ho(vever, tlio precipitate must be just ro-dissolvcd 
in a little hydrochloric acid before barium carj)o!iaf.o is added. 

5. Precipitation witli barium carbonate must take place in the cold, 
as otherwise manganous ion might l)o simultaneously jirccipitotcd. 
Care should be tak<>n that the solution is hot, after the neutralisa¬ 
tion with sodium carlxjiiate, and is then cooled, Manganc.se can 
pass into tln^ precipitate in a higlnn- stage of valency, if the liquid 
stilVeontain.s nitrii' acid or (dilorinc, and these must, therefore 
be expelled by evaporating the liepdd to a small residue (see 3) 
preferably by jircliminary boiling. Tn order that a precipitate 
ab.solutoly free from mangainse may ho. oljtaincd, it must finally 
be thoroughly washed. Should manganese be |)rcsent in the 
preci]iitate, however, it will liave a di.sturbing intlrrcnce on the 
detection of chromic ion in (137). In this case, it must be 
removed by boiling the aqueous solution of the fused mass with 
a little alcohol, as in (110) [rf. also No. ,3,3 in this chapter). 

It is .stated in (I t.'!) and (137) that the sodium hydro.xide solution 58. 
must be freshly yirepared from solid sodium hydroxide. This i.s 
necessary, because solutions kept in glass vessels always contain 
silicate or aluminate, .so that in using them for the test for aluminium 
ion a po.sitive reaction is obtained rsdicn the sidistancc uirder examina¬ 
tion is free from it. 

It has been .said in (1.3!)) that a jirecipitatc insoluble in ammonium 59. 
sulphide solution consists of manganous (or nickid or cobaltous) 
sulphide. Occasionally, however, iron ion is also found here, that 
is to say, when the hydrogen suljrhide was not c,om])letely expelled 
in (154). It may also be due (if no iron ions were originally pre.sent) 
to the ferric chloride added, which was partly reduced to ferrous 
chloride by the hydrogen sulphide. Tn thi.s case a black sulphide 
precipitate is ohIainiMl here, even if the. first ammonium sulphide 
qrrccipitate was not black. 


Notes to Sec. 170. 

Taking into consider.ation all the unprecipitated elements in the liquid 60. 
which was filtered from the irrocipitato produced by hydrogen sulpliido in 
acid solution, it will be found that the following metals must be contained 
in the precipitate, if the liquid was neutralised with ammonia after the 
addition of ammonium chloride, and then treated with ammonium sulphide 
m excos.s;— 



822 EXPLANATORY NOTES AND ADDITIONS ch. in 


(а) As sulphides: Cobalt, nickel, manganese, iron, zinc, uranium, 

tliallium, indium, gallium. 

(б) As oxygen compounds ; Aluminium, chromiurn, beryllium, thorium, 

zirconium,^ the elemcnta of the yttria earths, cerium, lanthanum, 
didymiurn, titanium, tantalum, niobium.^ 

The task of sejmrating from one another all the elements possibly 
l>resent hei'e will probably never occur in practice, and so far as the ions 
of the rare earths are concerned, is not feasible by the usual methods of 
ordinary qualitative analysis. We therefore confine ourselves to the 
description of the most impoitant methods of separation, by means of 
which smaller or greater groups of elements may be separated ^from the 
remainder, and to certain directions as to tlie method of treating these 
sub-groups. 

1. The following jirocess may be used for the scjiaration of kinialic, 
m'ofnV, and titanic acids * The precipitate produced by ammonia and am¬ 
monium sulphide is ignited, the residue fuso<l - with potassium (or sodium) 
hy<lrogen sulphate,^ the fused mass treated, when cold, with a large quantity 
of cold w’ater, digested w’ith it for a fairly long time without healing, and 
the solution tiltered from tlio residue. I’he rcsidnr contains tantalio and 
niobic acids, po.ssibly also silicon dioxide and a little muli.ssolved ferric 
and chromic oxides. On fusing it w ith .sodium Jujdroxidc and a litth; potas¬ 
sium chloratCy a mass is obtained in which, on treatment with dilute sodium 
hydroxide solution, the chromate and silicate ions arc rendered soluble, 
whilst sodium niohate and tantalato insoluble in sodium hydroxide solu¬ 
tion are loft, together with any ferric oxide ^vhi<•h may be present here. 
The separation of niobium and tantalum is liest eth eted by conversion into 
alkali tiuoridos or oxyfluorides {cf. p. 211). Witli regard to the further 
examination, cf. Secs. and .^>4. 

The acid solution, which contains the titanic acid, or at least the greater 
portion of it, in adilitioii to the cat ions of the third and fourth groujis, is 
treated in the cold w itii hydrogen 3ulp)ii(l(‘, to reduce aii}^ ferric ion pre.scnt, 
well ililuted, and boiled continnov-shj, while carbon dioxide is being intro¬ 
duced {cf. p. 190). The titanic acid pri'sent in tlie solution sejiarates as a 
white pr(H ipliatf‘, which may possibly contain zirconium. 

If the solution is too acid, titanic acid may not sejiarate completely on 
boiling. If, therefore, after boiling for several hours, the liquid still givt'S 
the hydrogen peroxide reaction for titanic acid, the excess of acid is cara- 
fully neutralised with ammonia (though the reaction must remain strongly 
acid) and the liquid boiled again. 

In the process just described the tantalic acid and a portion of the 

* OiJy those portions of the niobic acid can be present here which re- 
dissolvcd on the first preiapitation with hyrlrochloric acid, an<l on washing tlic 
resulting precipitate. 

* It is allowed to cool from time to time, and a few di'ops of concentrated 
sulphuric acid aildcd, to replace that which cscajxid. 

’ If the object under examination can contain rare earths, it is preferably 
fused with .<iodium hydrogen sulphate, to avoid the formation of sparingly soluble 
potassium Uoubic sulphates. 



SEC. 170 SEPARATION OF RARE ELEMENTS 823 

niobic acid are precipitated by iiydrolyaia on treating the residue of the 
mass, after fusion with bisulpliate, witli water in the cold, but complete 
separation docs not 4ccur, because,on the one hand, the prccii^itating niobio 
aci(^l carries down a considerable quantity of titanic acid,^au<l, on the other, 
remains partly in solution. It is also possible, instead of dissolving in cold 
water the mass obtained in the fusion with alkali hydrogen sulphate, to 
dispense witli what is only an mcoinj)lete separation of the three earth 
acids on dissolving the fused mass, and to ])ro(ipi(ate them iogclher at 
boiling point by moans of hydrolysis, and then to separate them from one 
another as in 8ec. 45. A. (In the absence of tantalic! acid, niobic acid 
cannot be completely separated by boiling. The addition of a solution 
of sulphur dioxide promotes the separation of the eaitli acids on boiling.) 

2. If the filtrate obtained after separation of tantulic, niobic, and titanic 
acids, or if a solution fn;e from these acids is treated with ammonia, with 
the addition of ammonium chloride, after any fei rous ion present has been 
oxidised by boiling with nitric acid, and the sliglitly waslicd precii>itaie 
is dissolv(‘d in hydroelilorio acid and the solution again treated with 
ammonia, tlio ions of zinc, nuingancsc, nirhcl, cohaJt, and gallium will 
bo obtained almost eoinjiletcly in solution, whilst the c.arlhs will remain 
in tlie residue, together witli tlie hydroxides of iron, indium, uraniumy and 
rhromiu m. 

<*. (Jallivm ion may be separated from zinc, manganefie, nickel, cohalf, 
and ferrouft iona by treating the liyilroeliloric acid solution with barium 
carbonate in thii eohl. By tins means gallium ion is precipitated, whilst 
the other ions mcntioru'il remain in solution, tiallium ion can be separated 
by means of ]K>tassiiim huroeyanido in strongly acid solution from any 
aluminium ion which may liavc passed into the amnioniaeal solution and 
iiavc been prceipitat(‘d, togetln'r with the gallium ion by means of barium 
carbonate (Browning and I’orter, Cheni. Z< ntr., lOIK, I., 050). 

4. To separate thi) iiiiis of aluminium an<l beryllium, us also chromic ion 
from feme ion, the ions of indium and uranium, and the remaining members 
of tJio third group, their .solution in hydroehluru' acid is treated in the cold 
with concentrated 2 )OtasMnn}, {not sodinm) hydioxide t^olidion.'^ By tJiis 
means aluminato and beryllate ions, also, under eeitain conditions, chromite 
ion, are obtained in solution, whilst tlu^ ions of the other earths, together 
with iron, indium, uranium, ami possibly chromic ions, are precipitated. 
If the alkaline liipiid is diluted, filtered, and continuously boiled, aluminnie 
ion (which can thou bo precipitated by ammonium {‘hloiide) remains dis¬ 
solved, whilst any chromite ion i^resent and tlie hcryUaie ion are jireeipitatcd 
as hydroxides {cf. p. 174). Tliese last may be separated by fusion with 
.sodium hydroxide and. potassium chlorate in tlie same way as is usual with 
aluminium and chromii; ions (8ec. 42, .‘1; cf. in regard to this paragraph 
also Sec. 65, 2). 

6. instead of the method of separation given in 2, 3, and 4, the pre¬ 
cipitation of the rare earths as oxahites may in many cases be recommended 
for the separation of the ions of tlie ccria and yltria eartlui and of thorium 
^ 8ee also See. 43, 3. * 
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from those of zirconium^ herylliumy ahimininmy cJirominmy and the ions of 
the fourth group. According to Hauser and Worth,^ the separation is carried 
out as follows: Tlu* Ixydroxides obtained, e.g. on tr ating tho hltrato in 
1 with ammonia, are dissolved iti J to J-N-hydrochloric acid in such a way 
that for each 1 grin, of tlio earths GO c.c. of the liquid are pre.scnt, and tho 
solution then treated as GO'’ with 40 to 60 c.c. of a 10 per cent, oxalic ofid 
solution. TJie separation of tho precipitate, which rapidly becomes cry¬ 
stalline, is complete after 12 hours, only zirconium ioiiy which, in accordance 
with Sec. 45, .j, is soluble in excess of oxalic acid, having dissolved with the 
aluminium ion, etc.; it can be separated with the aluminium ion from the 
ions of tiio other dissolved substances by precipitation with sodium thio¬ 
sulphate. (Sec. 40, 8, and Sec. 45, 8). Zirconium ion may then bo separated 
from aluminium ion by precipitation with alkali iodatc (See. 45, 11). 

6. Thorium ion may bo separated from the ions of rcriunty lanthanum, 
and didymiiim, as also from the yUria earths, by treating the oxalates with a 
concentrated boiling solution of ammonium oxalate, diluting the liquid, 
and, when cold, Hltcring off the mainly uudissoivcd (the ions of the yttria 
earths are slightly .soluble in ammonium oxalate solution) oxalates of the 
four elements (irst mentioned. Thorium oxide is obtained by evaporating 
the solution, and igniting the residue; of the other methods (sec Sec. 55, 4) 
for tho separation of small <pianiities of thorium ion, that given in 4 {d) of 
that section is tho most suitable. 

7. The ions of zirconium and thorium, and also tho.se of theceria earths, 
may be approximate!}’ siqxaratcd from tho ions of tho yttria caiths (and also 
from beryllium and aluminium ions) by means of alkali svljfhale {cf, 
however, Sec. 55, 5). Tho neutral, or scarcely acad, solution is treated witli 
crystalline potas.sium sulphate (or, if it is a question of tlie separation of 
tho ceria ions from those of the yttria earths, preferably with sodium 
sulphate), boiled, allowed to stand for 12 liours and liltored, and the resulting 
precipitate of the double sulphates of potas.sium with zirconium and thorium 
(as also of the ceria earth metals) washed with a solution of potassium 
sulphate. From this solution ammonia precipitates the ions of the yttria 
earth metals (of beryllium and aluminium), which last may be separated 
from the ions of tho yttria earths by means of oxalic acid {cf. 5). On 
repeatedly boiling the precipitate of the potassium double sulphates witii 
water and a little hydrochloric acid, the greater portion of tho zirconium 
miljdiate will remain undissolvcd, whereas the ions of thorium (and of th<^ 
ceria earth metals) dissolve, and may bo precipitated from tho solution by 
means of ammonia. 

8. The ions of thorium and zirconium may he separated from those of 
the yttria earths of cerium and didymium by means of sodium thiosulphate, 
by adding it in slight excess to the slightly acid solution, and boiling it. 
Owing to the resulting hydrolysis, the ions of zirconium and thorium are 
precipitated as hydroxides, whilst the ions of tho ceria and yttria earths 
remain in solution. 

9. Zirconium ion may be separated from the ions of thorium and of tho 

^ Zeitsch, anal. Chem., 47, 389. 
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ytlria earths by moans of a slight excess of hydrofluoric acidt which precipi* 
tatos the latter but not zirconium ion. 

TO. With regard t-J the separation of cerium ion from the ions of Ian- 
thamim and didyminm, sec iSee. 55, 7. ^ 

11. hulium ion is best separated from zinc and iroit ions by means of 
harhyn carbonate. The sliglitly acid solution (hydrochloric acid) is heated 
with sulphur dioxide, to convert ferric ion into ferrous ion, and when cold, 
treated with freshly jueeipitated barium caibonatCy air being excluded. If 
much iron ion is present, the operation must be rejjcated. The precipitate 
containing indium is dissolved in hydrooliloric acid, and barium ion pre- 
m'pitated by moans of sul|)liurio acid. Ammonia then precipitates indium 
hydroxide from the hitratc. 

12. To detect thaUinm ion in the precipitate ])roduced by ammonia and 
anunonium sulphide, a portion of th<‘. ])rccipitato is dissolved in boiling 
dilute hydrochloiic acid, and the .solution treated with sulphur dioxide until 
any ferric ion present has been converted into ferrous ion, the free acid 
ahnost neutralised with ammonia, and the solutioii tested with potassium 
iodide. Any preeijjitate produced .should in any case l)e spectroscopically 
examined. 


Notes to See. 157 (02) and (03) ay\d to Sec. 171. 

If the filtrate from the precij)itatioii with ammonium sulpludo is 61 
kept for some t ime, sulphate* ion may bo formed in it, owing to the 
action of air, whoK^by barium ion and possil)Iy also strontium ion 
may be ])reci[)itatod and escape detection. If, tlierefore, tliis filtrate 
cannot l)c used at once, it should be pre.servcd m an almo.st Oiled and 
well-corked flask, or the amnioiiium sulphide should be removed. 
This can be done either by acidification witli hydrochloric acid and 
lioiling until the sulphur agglomerate.s, or, better, by shaking the 
liquid with [)(>wd<‘red lead oxide, or, best of all, by heating on the 
water batli (llogdan, Atotseh. amd. Ulo’tn.y 44, 564). The liquid is 
tlien filtered from the sulphur, or fiom (he mixture of lead peroxide 
and lead sulphide. 

4’lie prcci])itation of barium and calcium ions as carbonates is 62 
influenced by the presence of large (piantitie.s of ammonium salts, 
becau.so the latter check the dissociation of the ammonium carbonate. 

On the other hand, a small (piantity of ammonium salts is essential 
to jirevent the precipitation of magnesium ion. (\»nsoquently, any 
large quantity of ammonium salts must be expelled by ignition, 
but it must be taken into consideration that small quantities of 
barium and calcium ions escape precipitation as carbonates, and they 
should therefore bo removed with ammonium sulphate or oxalate 
before a test for magnesium ion is made with sodium amnionium 
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hydrogen phosphate, sineo otherwise they may produce precipitate,'; 
\ of phosphate. They may also have a disturbing influence on tests 
for alkali metal ions. “ 

63. In the case „of .simple com 2 )ounds, calcium sui 2 )hato solution 
affords a means of deciding whether barium, strontium, or calcium ion 
is jucsent. Sinc.e, however, in the jjresenco of much calcium ion the 
preci[)itation of barium or strontium sulphate by means of calcium 
suljjhate may be entirely inhibited, this reagent cannot be used to 
obtain a definite decision in the case of mixed compounds (Sec. 64, 
5, and Sec. 3b, .3). With regard to a [)roces.s for the detection of 
strontium ion, even in the ])rcsoncc of barium ion, by means of calcium 
sulphate solution, cf. Theodora 1’. Raikow, Zcilsch. anal. Clicm., 
57, 104. 

Aj)art from the jiroce.ss given in the course of analy.si3, the methods 
mentioned in Sec, 38 may be used. It is essential in tlu'ir a[)|)liea- 
tion that the conditions given t.here be strictly observed. 


Notes to Sec. 172. 

64. The test for magnesium ion by meams of .sodium .nmmonimn 
hydrogen iihosphnte is characteri.stic, [)rov]ded it is i-ealised that 
only a crystalline, pi'eei[)itate proves the presence of magnesium ion. 
It must be clearly understood that nearly all cations jiroviouslv 
separated can yield insoluble [>liospliate precipitates. If. therefor;', 
a non-crgslallme j)r(u,-i)iitate is obtained, it is necc.ssary to reflect 
in the case of which of the cations already found the i>rccipitation 
may have been inrom])Iete, and to aptdy tests for these (or to remove 
them) before making a decisive test for magnesium ion, or before, 
testing for ions of the alkali metals. With regard to the most fre¬ 
quent ca.se, i.c. the [>rescnce of traces of aluminium, barium, or 
calcium ion, the necessary instriudaons were given in (107). Of the 
other cations which may o(;cur here, reference mu.st in jiarticular 
be made to tin ion, which is aj)t to be incomjjictely |)rcci 2 )itated 
by hydrogen snlj)hide, and gives no preci[)itate with ammonium 
sulj)hidc or, if [ucsent in small quantity, with ammonium carbonate, 
but yields a [)rccipitatc with [ihosjfluite ion. If, therefore, tin ion 
has been detected with hydrogen suljihide, and if an unusual jjrecipi- 
tate has been obtained in (167), a test should be made to see whether 
a residue of tin cannot be scj)arated on renewed treatment with 
hydrogen sulphide, and thus filtrate only then tested for magnesium 
ion or the ions of alkali metals. 
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The liquid, filtered from the precipitate produced by ammonium sul- 65. 
phido, may contain, not only the ions of the alkaline earths and alkalis,^ 
but also a little nickel ion, vanadium eon, and that portion of the tungstate 
ion wliich was not precipitated at first by Ixydrochloric ^cid. The three 
last arc prcaeixt as sulphidi's dissolved in excess of afnmoniurn sulphide 
solution, and arc precipitated as such when the liquid is just acidified with 
acetic acid or hydrochloric acid. Tf the precipitatt* is filtered off, washed, 
dried, fu.sed with .sodium carbonate and sodium nitrate, and the fused mass 
treated with water, a residue of nickclous n.x'ide is left, whilst 'potassium 
vanadate and potassium tungstate dissolve. 'J’Ik' vanadic a(!i<l may be 
soparated^froin thi.s solution by means of solid ammonium chloride, and 
tungstic acid by evaporation with hydrochloric acid, ami treatment of the 
residue with water; both acids may then be further examined {.Secs. 68 
and 98). 


Notes to f^ecs. 157 ( 66 ) ami 173. 

No decision can be obtaiixcd as to whetlier potassium or sodium^* 
ion is pre.sent by testing the residue left after expelling the am¬ 
monium salts, even in the absence of all other cations, if. on ignition, 
the anions of non-volatile acids or acids which volatilise with diffi¬ 
culty (phosphoric acid, boric acid) are left. 

If, therefore, an ignition residue is left it must be definitely 
concluded that such anions are not present. 'I’he anions mentioned, 
and also others, jiiay have a disturbing influence on the iTuhvidual 
tests for [)otassiuni or sodiuxir ion. They can, for example, on the 
one hand, like suljxliate ion, form acid salts m the residue from the 
ignitifiu, or, like phosphate ion, cause an acid r('aetion, which will 
interfere with the reaction for sfulium ion by nxcans of dipotassium 
difiydrogen pyroantiinonate. A white flocculeni preeij-xitate of 
antimonic acid is then fonnod, even iti tlio absence of sodium ion, 

HO that the dxmlxt may exist as b) whether a sodium prexujxitate has 
been fornu^d. On the otlier hand, even on ]>rolonged ignition, some 
of the ammonium may rxitaimal by the phosphoric acid, and may 
lead to errors when testing for potassium ion. 

Such disturbing anions must, therefore, be removed before testing 
for alkali metal ions. Borate ion has a disturbing influence on the 
detection of potassium as potassium hy<lrogen tartrate (Sec. 139, 5 ). 

Care must be taken when noting whether a residue, stable on 67. 
ignition, is left, becanse the salts of the alkali metals melt readily, 
and may, therefore, easily ho overlooked. Too small a portion 
therefore should not he evaporated in this test, and the heating not 
increased above the necessary degree, hut the ammonium salts must 
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be completely expelled, and tbc behaviour noted on cooling and again 
V heating the platinum dish (or cover); note must also be taken whether 
on lieating, the flame is coloured {cf. No. G). ' 

68. Before magnesium ion can be removed in (170) by means of 
barium or cahuum hydroxide, the ammonium salts must be expelled, 
since otherwise there is the danger that only ammonia will be liberated 
and an insufficiently high concentration of liydro.xyl ions obtained, 
and consequenth' the magnesium ion will not be comj)letely separated 
as magnesium hydroxide. 

69 . In removing disturbing anions, magnesium ion or the jations of 
Groups 111. and IV , as in (170), the use of unnecessary quantities of 
barium chloride and barium or calcium hydroxide should be avoided. 
Nevertheless, comparatively large preeijutates are not infrequently 
obtained in this wa)', as also sub.scquently, on removing the barium 
or strontium and calcium ions from the .solution with ammonium 
carbonate: These ])rccipitatcs may retain ions of the alkali metal.s, 
owing to adsorption. They must, therefore, be well washed, as 
otherwise there is a danger of small (piantitics of potassium and 
sodiurvL ion being overlooked. 

The separation of barium and cahaum ion is never complete, 
particularly if the ammonium carbonate precipitate is well washed. 
Such .separation must, therefore, be repeated in the liltrate, after t.he 
renewed expulsion of ammonium salts, and if any appreciable pre¬ 
cipitate is then produced, it is necessary to repeat this until the 
solution remains quite clear on the addition of ammonium carbonate. 
Only after the ammonium .salts have been finally expelled are tests 
applied as in (171). I'he .second or third ammonium carbonate 
preeijiitate is not washed for too long a time, because, otherwise, 
ions of fhe alkaline earths are alway.s re-dissolved. 

70 . In testing for potassium ion (171), it is nece.ssary to guard against 
errons due to a small residue of unvolatilised ammonium salts. Tins 
residue fre<|uently sublimes at the upper edge of the dLsli. It must 
also be expelled from there, by Jicating, before the contents of the 
dish are di.ssolved in water. 

If a doubt exists as to whether the .solution under examination 
is actually free from ammonium salts, a portion should be tested 
for ammonium ion as in (17‘I). (The solution mu.st be protected from 
the ammonia vapours in the laboratory air.) 

The best method of detecting very small quantities of potassium 
ion in testing according to (171, a) is to evaporate the liquid to 
dryness,^and to take up the residue with Mule alcohol. 
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In testing solutions containing iodine ion by means of jilatino- 
hydrochloric acid, a dark red coloration appears, owing to platino- * 
iodide ion and iodiAc (Sec. 31, 2 ; Sec. 8.5, K), whereby the yellow 
precipitate of potassium platinochloride is easily' masked. (On 
looking at the clock-gla.ss from uiiderneath, however, it may easily bo 
■ccognised.) In this case, it is preferable to make the test according 
o (171, -8). 

What might be mentioned here with regard to the detection of 71. 
lithium, cscsium, and ruliidium ions has already been said on pp. 1.32, 

134, am> 136, and also in connection with the analysis of mineral 
waters (258) and (259). 


Notes to Secs. 158 (end 17.5. 

The preeii)itation of the anions of the lirst group by means of72» 
barium ion in the manner described in (175) is influenced by the 
presence of .salts (chlorides, nitrates) of ammonium and the alkali 
metals, and, to a greater degree, the more weakly negative the anions 
are, or <the weaker the acids with which they correspond. Consc- 
(juently on the. addition of barium chloride, the solubility product of 
the barium salts of the first and third division of the first group of 
anions is not reached, and no precipitation takes place (175). This 
applies e.spee.ialiy to borate ion, in the ea.se of which the same, con¬ 
ditions occur in regard to jirecipitation with silver nitrate (170), It 
also apjilies to the ealcinrn salts of organic acids, esjiecially those 
of citric, malic, and succinic acids, which are not precipitated by 
c,dcium chloride in the ])resence of ammonium chloride. 

In the detection of iodine ion (178), it is stated that the iodine 73. 
should first be liberated with nitrous acid, and only then chlorine 
water added. 'The reason for this is that on the direct addition of 
chlorine water to the liquid which is being tested for iodine ion, 
small amounts of iodine may be overlooked, if only sufliciimt i-lilorine 
water is added to convert the iodine, which is first liberated, imme¬ 
diately into colourless iodine chloride (Sec. 119, 11). 

Ill the event of chlorine being jjresent simultaneously with iodine, 
disturbing by-reactions may, under certain conditions, occur on the 
addition of potassium nitrite and sulphuric aifd, or nitrous acid and 
sulqihuric acid. If this is presumed to be the case, ferric chloride 
may also bo u.scd for the liberation of the iodine. 

If iodine ion was found, it is recommended that chlorine water 
should be added until decolorisation occurs, in order that "a test for 
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bromine ion may be made by the addition of more chlorine water. 

' In the presence of much iodine ion this requires a large quantity of 
chlorine water, and there is a danger of finally adding so much 
that the excesA causes the liberated bromine to be oxidised again 
to a colourless comi)ouud (Sec, 118, G). ^ 

It is advisable, therefore, in the presence of much iodine ion, to 
add at first only suliiciont chlorine water to colour the carbon 
bisulphide dark violet, then to filter it through a moistened filter, 
to add a little more carbon bisulphide to the filtrate, and then, care¬ 
fully, more chlorine water. If this also produces a deep violet 
coloration, the carbon bisulphide may be separated and the test 
repeated. In any case, the liquid must be ittell shaken alter each 
addition of chlorine water. 

74 . The direction is given in (170) that only 1 to 2 drops of ferri(, 
chloride solution should be added. Tlic reason for this is that iodine 
may be liberated by the addition of ferric chloride in the jire.sence of 
iodine ion. If present in large quantity it may form a m! solution, 
owing to the presence of uudeeonqHiscd iodide, .so that it may he 
mistaken for thiocyanate ion. If only a few drojis of ferric solution 
arc added, however, ?iO red coloration is olitained iu the absence of 
thiocyanate ion (at most a yellow coloration, duo to the iodine). 

75 . It i.s .stated in (182, 8) that a preliminary test should ho nmdc 
for oxalate or fluorine ion by means of calcium chloride and I he 
subserpient .addition of acetic acid, and fliaf. alfhough only the noii- 
appearance of a permanent precijulate indicates the ab.sciicc of hofli 
anions, the formation of a precipitate does not ju.stify the conclusi.ui 
that one of these two anions must bo present, h’or in.stance, .such a 
jirccipitate may be due to .silicate ion, in very concentrated solutions 
also to sulphate ion; further, if acetic acid was not added at once, 
also to phosphate ion; and finally, if organic acids arc prc.scnt, to 
cinnaniylate or tartrate ion. 

Note.s to See. 17.1 (175). 

76 . If, in an analysis silicolluoride ion is to be taken into consideration, it 
should be noted tliat the jaeci|)itate formed in (17o, h) may contain barium 
eilicollunride, A microscopical test for it is therefore made under a 
magnification of 140-200 diameters, a |iortion of the ]irecipitatc being 
examined, first as it is, and then after the addition of a drop of dilute 
hydrochloric acid, which dissolves any barium phosphate, barium oxalate, 
etc., present. The characteristic cryst.als of barium silicolluoride may 
often be detected before, but more readily after, this troatniciit with 
hydrochlo'ric acid. 
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For the chemical detection of barium silicohuoridc, a portion of the 
precipitate left after the careful addition of hydrochloric acid or nitric ^ 
acid (barium silicoflu|irido is somewhat soluble in acids) may then be 
heated with sulphuric acid, as in ficc. 111, 7, in a current qf air. 

If barium silicoHuoride is detected in the barium salt precipitate 
insohiblc in hydrochloric or nitric acid, another samiile of the precipitate 
must be tested for sul[)hate ion. 'this is done by igniting the sample, 
triturating the residue, and beating it with hydiochloric ac-id of sp, gr. 1'12. 

» 'I'he barium fluoride resulting from the ignition of the barium silicofluoride 
then dis.solvcs, whilst any barium sulphate present is left, and may then be 
further cj^amined as in Sec. 105,!). 

Nof.e.t to S(KS. 1.59, 162, 176, and 178. 

Jn the first place, it should be specially noted in the practical 77. 
c.tainination of unknown sul).stanccs that the course only applies to 
the organic acids or anions dealt with in this book, which generally 
oc< ui' in nature and more or lo.ss frequently in daily life ; it must 
therefore naturally fail when other (e.g. synthetically prepared) 
compounds are under consideration. Kefercncc may again be made 
here to what was .said in No. 3 of this e.liaptc.r. It is assumed in the 
course de.scribed in Sec.s. 159, 162, 170, and 178, that apart from the 
jirecipitatiou of cinnamic acid (bcuzoie acid ami salicylic acid) by 
mean.s of hydrochloric acid, fi'ce acids or alkali .salts are present. 

If tlu^se have first to be separated in the presence of other cations, 
care should be taken that no disturbing .substance.s remain in tlic 
.solution under examination. I'bu.s, above all. no carbonate ion 
shordd be present after treatment with .sodium carlronatc solution 
(78), (97), (185), (198), as this produce.s a precipitate in the subse- 
(pient tost with ealeiura chloride, and renders a te.st ncce.ssary for 
the members of the llr.st group of organic anions, even when they 
are not there at all ; furtlicr, a calcium carbonate preeijutate renders 
the te.st for these anions more dillieult, because their calcium salts 
can be less readily detected in the prosem.e of much calcium carbonate. 
Especial care, therefore, should be taken jn removing the carbon 
dioxide after acidilication (79), (97), (18.')), and (198). If it is removed 
by boiling, however, volatile organic, amds may also escape detection, 
so that acetate ion and formate ion may not be recognised. The 
liquid is therefore not heated to boiling point, but the warm solution 
vigorously and continuously shaken. 

The la.st remark naturally applies also to the removal of hydrogen 
sulphide. 

Further, it should be noted that when inorganic anions of«the first 
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group are present, they also may yield precipitates in tlio test witl- 
calcium chloride, so that the formation of a precipitate in (185, 2] 
docs not justify the conclusion that a member \if the first group of 
organic anions'he present. 

78. The separation of cinnamic acid, benzoic acid, and salicylic,acid 
by means of hydrochloric acid takes ])laoe in the jjresence of cations 
of Group Vi. simultaneously with their chloride.s, and from alkaline 
solutions possibly simultaneously with silicic acid, suljdiur, and 
sulphides. In e.vceptional cases, boric acid may also bo precifiitated 
from concentrated solutions. The separation of these orgaiii<’ 
substances (apart from boric acid) should be effected by shaking with 
ether. 

The simplest way of separating the ether phase from the aqueous 
jihase is by means of a small apparatus similar to a washing bottle, 
the longer tube of which is immersed in the ethereal layer to just 
above the plane of separaticjn. If boric acid is present, it ma)-, ni 
certain case.s, also pass into the etheisMil .solution. 

79. The test which is made to determine whether tlni jirecipila((' 
obtained by means of calcium chloride in (18.5) di.ssoivcs in sodium 
hydroxide solution mu.st be carried out with sodium hydroxide free 
from carbonate, since otherwisi.^ calcium caihonatc s<q)iirates and 
correspondingly less calcium ion di.s.sidve.s, so that, on boiling, no 
precipitati! of cahhim tartrate may be formed. 

80. If a prcci|)itate was formed in (185), the filti-ate frc(piently no 
longer contam.s so much calcium ion that when three ])arts of alcohol 
have been added in (187) the solubility product is exceeded ; the 
addition of a little, more <’alcium chloride is therefore advisabi('. 
Since the liquid must stand for a few hours, the tube .should be 
corked, as othcrwi.se a precipitate of calcium carbonate m.ay b(! 
formed, owing to the absorpticjii of carbon di(]xidi! from the air, and 
may be confused with citrate, mahite, or succinate. 

81. It is stated in (188, c) that the calcium precipitate shoidd be 
<;ompletcly freed from alcohol by drying before treatment with 
nitric acid. 'I'hc reason for this is that oxalic acid may also be formed 
from alcohol on heating with intric acid. The detection of oxalate 
ion after treatment with nitric acid is consequently only a proof cd' 
the original presence of malatc ion when alcohol no longer adheres 
to the precipitate. 

82. General rules cannot be given for the po3.sibility of anions of rarer 
occurrence being present, especially in the presence of those of more 
frequent- occurrence. In this respect reference should be made to 
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the “Summary and lirmarh” at th(^ end of tlic third group of 
inorganic anions, tlie end of ,Sec. ] .32, .and also to Secs. 148 and 149,10. 

With reference to tlie (]<‘te<tion of I lie anions o^ inorganic com¬ 
pounds insolnlile in w.ater but soluble in neid.s, it is stated in (194) that 
thednsolnblc substance (if necessary I'xtracted with water) should be 
fused with sodium carbonate, and the anions detected in tJic aqueous 
solution of the fused mass. If the portion insoluble in water is 
only partly soluble in acid, care should be taken that the anions of 
the compounds insoluble in acid are also present in the aqueous 
solution''t)f the fused mass. It, must, therefore., be borne in mind 
in this case that not all the anions which are found oi'iginate in the 
portions soluble in acid, and that those found subsequently in Sec. 

179 arc not includi'd here. 

N'otrs In See. 179. 

Directions have been given in the course for substances insoluble 83. 
in acids that, before fusing them in a, |ihdiruiin crucible, lead and 
silver compounds should be removed. Te.sts for the.se sub.stance.s 
are made simultaneously in the .solutions thus obtained. Ammonium 
acetate solulion should be used to dis.solve the lead compound.s. 
ft should be slightly acid ; if it were amiiioniacal it could also dis¬ 
solve silver compounds, which might then entirelv escape detection. 

The ammonium acetate solution should be concentrated. It is 
allowed to act re|)eatedly on the, sub.slanee in a small tla.sk. decanted 
through a filler, and Ihe 1iltra,te testi'd with hvdrogen sulphide. The 
lead must he enmydeleh/ J’emoved, as ot.hcrwisc the ]ila1inum crucible 
will he damaged in the suhsequent fusion. 

In te.sting the ammonium acetate .solulion for chlorine ion, the 
direction is givim m (20.9) that it should he diluted with 20 jrarts 
of water before the addition of silver mtiate solution. The rea.son 
for this is that otherui.sc a jirecipitate might be forined, even in the 
absence of chlorine ion, since silver acetate is onl)’ sparingly .soluble. 

Jn removing the slh'er .salts with (lolassium cyanide the treat- 84. 
ment should be continued until Ihe salts are eompletelv c.xtracted, 
to avoid damaging the jilatinum eriicihle. The liltrate, is te.sted by 
acidification with nitric acid. In this operation hydrocyanic acid 
is evolved, for which reason groat care should be taken and the 
acidification effected in a fume cupboard. 

If silver compounds are found in the residue in.soliible in hydro¬ 
chloric acid, it is not a jiroof that the original suhstance ajso con¬ 
tained insoluble silver comjiounds, as, on the one hand, silver chloride 

,93 
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may have been formed in the treatment with hydrochloric acid 
or aqua regia, and, on the other, insoluble silver compounds may 
result from the simple treatment with water of a mixture of sub¬ 
stances soluble in Water, r.g. in the simultaneous presence of mercuric 
iodide and silver nitrate. Insoluble silver compounds originally 
present, however, may, under certain conditions, react with other 
substances in such a way that the residue under examination in 
Sec. 179 may contain other compounds than the original mixture. 
For example, silver chloride and [)otassiun\ iodide interact, on 
treatment with water, to form sihu-r iodide and potassium'chloride. 

It is, therefore, only conditionally 2 io.ssible to determine by 
means of purely qualitative analysis the form of combination in 
which silver, found in the insoluble residue, was i)resent in the original 
substance.i 

85. At the end of (908) it is said that the washing should be continued 
until barium chloride no longer ])roduces a precipitate with the 
washings. If this is neglected, that is to say, if the residue from the 
fusion insoluhle in water still contains portions of the anions, the 
compounds present before decomposition are formed again on dis¬ 
solving the residue from the fusion in hydrochloric acid. For 
instance, on solution in hydrochloric acid, barium sulpliate is formed 
again from barium carbonate to wliich sodium sulphate still 
adheres. 

86. It is stated in (911) that the hydrochloric acid solution of the 
residue ursoluble in water should be tested for cations. It should be 
noted that only tlinxe cations have to be taken into consideration 
which form compounds insoluble in acids with the anions detected, 
or which may occur in the substances mentioned at the beginning of 
See. 179. 

Consequently^, in so far as it is not a question of silicates, juaeti- 
cally only the ions of tin, aluminium, and the alkaline earth metals 
enter into consideration here. 

87. In order not to complicate the course, no attention has been paid, 
in Secs. 170, 177, and 179 to the jmssihle necessity of detecting small 
quantities of silicic acid in the jrresence of large quantities of calcium 
fluoride or another fluoride. Should this necessity occur, as is not 
infrequently the case in the analysis of fluorine minerals, it is possible 
to overlook the silicic acid when proceeding as described in (183, 10) 

1 The same applies, of course, in many other cases. For example, in the 
analysis of a mixture of sodium sulphate and barium chloride, insolubio barium 
sulphate is formed, and in that of a mixture of ammonium fluoride and calcium 
nitrate, insoluble calcium fluoride. 
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and (196) or (210), because the silicon in it may volatilise com¬ 
pletely as .silicon fluoride on evaporating the alkaline solution of the * 
fused mass with hydrochloric acid (p. 031, footnote 1). In order to 
separate silicic acid in (208) when analy.sing substances which 
contain fluorine, either the alkaline solution of the fused mass pre¬ 
pared as in (191) must be heated with ammonium carbonate (the 
volatilising ammonium carbonate being replaced), and filtered, and 
• the flitiate treated with an amnioniacal solution <it zinc li_vdroxide 
(pre[iared by treating a zinc .salt solution with sodium hydroxide, 
washing'*khe zinc hydroxide and dissolving it m ammonia solution), 
in order to scjiarate f.he remainder of the silicic acid, then evaporated 
until all the ammonia has escaped, and filtered. Silicon dioxide is 
then liberated from the preci]jitate formed by ammonium carbonate, 
by evaporation with hydrochloric acid, but in the ca.so of the preci¬ 
pitate formed in the amnioniacal zinc solution evaporation with 
nitric acid i.s preferable. An alternative nielhod is that of Scemann 
{ZeilscU. mull. Chon., 41. .361), in which the alkaline solution con¬ 
taining silicic acid and fluorine ion is neutralised with hydrochloric 
acid (an indicator being used), a solution of precipitated washed 
mercuric oxide in ammonium carbonate solution which has been 
treated with ammonia i added, the mi.xtiiro eva]ioratcd to dryness, 
the residue taken up with water and filtered ; the residue contains 
the silicic acid in the form of a mercury compound. On ignition 
pure silicon dioxide is left. 

If, in Sec. 17i>, the clement,? of less frequent occurrence are taken 88 . 
into consideration, the number of .substances which can be left un- 
dissolvcd on treatment of the substance under examination with 
w.iter. hy'drochloric acid, nitric acid, and <iqua regia is considerably 
increased. In particular, the following elements and anions are those 
which, partly in the ignited condition or in certain com])ounds, have 
proved to be insoluble in acids, or to dissolve slowly and with difliculty 
therein : Beryllium, thorium and zirconium, cerium, titanate ion, 
tantalate ion, niobatc ion, molybdate ion, and tungstate ion, rhodium, 
iridium, osmium and ruthenium. 

When the point (208) has been reached in the course of analysis, 
the substance, free from silver, lead, and sulphm', is fused with sodium 
carbonate and a little potassium nitrate, the mass extracted repeatedly 

* Schaffgot’a solution : 236 grms. of ammonium carbonate and 180 c.c. of 
26 per cent, ammonia solution dissolveil in 1 litre. To this solution is added in 
the cold, so long as anything still dissolves, freshly precipitated mercuric oxide, 
obtained by treating a mercuric cliloride solution with potassium ^r sodium 
hydi’oxide, and carefully washing the precipitate. 
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with water, any residue still undissolved fused in a silver crucible 
with potassium hydroxide and potassium nitrate {cf. Sec. 15, p. 59, 
footnote 1), and again treated with water. 'I'lul alkaline solutions, 
which may be dombined or examined separately, may contain 
beryllium, a portion of the titanium, tantalum, niobium, moliy'h- 
denum, and tungsten, osmium, ruthenium, and a portion of any 
iridium present. 

If the residue which remained insoluble in the previous operations 
is fused with ])ota.ssium hydrogen sulphate, thorium, zirconium, 
cerium, the remainder of the titanium and the rhodium wiK dissolve 
on treating the fused mass with water. 

If a residue was still left it might be due to platinum metals 
which were not decomposed, and should preferably be mixed witli 
so<iium chloride and ignited in a current of chlorine. 

8o fai- as tlie .separation and differentiation of the individual 
elements in tlie different solutions is concerned, all that is necessary 
has been .said in the nfite.s to iSees. IGl to 175, and also in Chapter 1 lb, 
of Part I. 

rV. other Systematic Courses of Qualitative Analysis. 

As was emphasised on p, 54-1, on the one hand the .sequence ol 
reactions enqiloyed for the separation and deti'etion of individual 
substances may naturally be arranged in various ways, and on the 
other, reactions may be employed for the systematic separation of 
sulystances into groups, or for their individual detection, which differ 
entirely from those iqion which the sy.stemalic coui'.sc described in 
Secs. 150 to 179 is based. 

From time 1o time, therefore, numerous suggestions for other 
suitable methods of se|iaration and detection have been made. Many 
of them, in so far as they are concerned cmly with the differentiat ion 
of substances of similar behaviour (members of the different groiqis 
as classified in this liook), have been mentioned in the re.spective 
“ SumiMiry and Rctimrks," and may, therefore, be used in the corre¬ 
sponding parts of the course, instead of the directions given abovi', 
though the main prineijiles of sejiaration should be. followed.^ Others, 
however, employ reactions based on totally different jirinciples for 
separating the elements into main groups, the most important of 
which will now be briefly described. 

‘ A new method of separating the liltrate from the hydrogen sulphide 
preeipitate has been doviseil by H. Itcmy (Zaisch. aruil, Vhein., 58, 385). 
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A. Methods of separation for cations. 

All the followirg processes are based on the same principle, i.c. 
the avoidance of hydrogen sulphide, which, in ipaiiy ways, is dis¬ 
advantageous and objectionable, as has been found by different 
people in a varying degreed 

Some of those jjroeesses include jirccij)itation with sulphide, and 
are therefore more or less rclat(!d in their main jioints to the syste¬ 
matic course described above; others, however, include few, if any, 
sulphide, precipitations, and conso(iuently involve a considorablo 
deviation in the grouping of cations. 

1. Schiff and Tarugi’s Thioacetate Methods 

In this method the hydrogen sul()hide is ro|ila(:ed by thioacetic 
acid, which is made to react by adding a slightly ammoniacal solution 
of ammonium thioacetate to the hydrochloric acid solution containing 
the remaining cations (or to that lilterod from the .silver, mercurous, 
or lead chloride jirecijiitate) The liijuid i,s heated (whereby all the 
jirecipitalos which .separate at first, and some of which are of a 
different colour and comjiosition, are converted into sulphides) 
and then allowed to cool, when the carlmium sulphide, which at first 
dissolved, sej)Uiatc.s again. 

Otherwise, the ordinary course is followed. The ammonium thio- 
acetate solution is decomposed bj' bj'drochloric acid, with the forma¬ 
tion of very active hydrogen sulphide and acetic acid ; 

ClIj.COS'd-H -l-UzO-Jlo.S l-Cils.COOH 

Thioacetic acid is pre^iared bj' the action of glacial acetic acid 
on phosphorus |ientasulj)bide. As the reagent has an unpleasant 
odour, and is difficult to obtain and somewhat expensive, the 
thioacetate method has not been generally adopted. 

2. Vortmann’s Sodium Sulphide Method.^ 

(a) The substance present in the nitric acid or hydrochloric 
acid solution is oxidised with bromine water or by heating it 
with polasstiem chlorate, solid sodium carbonate added until 

* A comprehensive treatment of this question is to be found in Eil. Donatli’s 
Vber den Ersatz des SchwefrheasserstnJJs in dcr qiialiUltieen clicmiscticn Analyse. 
Leipzig, published by S. llirzel, 1909. 

Ber., 27, 3497 ; Zeitsch. anal. Chew., 34, 450. 

^ Georg Vortiuann, AUgenieiner Oany der qualitniiven chemischen Analyse 
ohne .intvenduiej eon .Schwefdivas.serstojf. Vienna, Franz Deuticko, 1903. 
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effervescence ceases, and the mixture rendered alkaline witli 
sodium hydroxide and heated. 

If ammnium ion is present, ammon/a escaj)es. Sodium 
sulphide ^which .should be free from sulphate) is added in 
exce.ss, and the mixture heated and filtered.! The prccij)itate 
is dealt with as in (e), and the filtrate as in (h). 

(6) The Jillrate from (n), which may contain aluminato ion, as 
also the ions of the suljAo-salts of arsenic, antimony, tin, 
mercury, and nickel, is treated with solid mmnoninm chloride 
and heated. The precipitate is dealt with as in (d)^' and the 
filtrate as in (c). 

(c) The filtrate from (b) is treated with hydrochloric acid. The 
sulphides of arsenic, antimony, and tin sei)arate.2 Tlie 
separated precipitate is boiled with hydrochloric acid, wliich 
leaves the arsenic .siilphide undi.ssolved ; tliis residue is 
then dis.solved in nitric acid. The presence of arsenate ion 
in the solution i.s confirmed by treatment with magnesium 
chloride and ammonia or silver nitrate. The antimony 
is separated in the form of a black ]>owdei' by means of 
iron wire, from the filtrate from the arsenic sulphide; 
conflrm.ation is obtained by dissolving it in tartaric acid 
and nitric acid, and treating the solution with sodium 
sulphide (an orange-red precipitate slujuld be formed) 
Tin ion is detected, by mearis of mercuric chloride, in the 
filtrate which was fi’ccd from antimony by iron : a ii’hite 
]ireci 2 )itate of Jlg^CU or a grey one of llg is formed. 

{d) The precipitate^ jiroduced by ammonium cliloridc in (li) is 
healed with dilate sulphuric acid. The filtrate is treated 
with ammonia, to precipitate an)' aluminimn ion jircsent 
(white jirecipitate). The residue is boiled with dilute 
nitric acid, and the filtrate tested for nickel ion by meairs 
of bromine and ammonia (a brownish-black precipitate 
of Ni(0H)3 is formed). The residue is dissolved in a 

* The precipitate is washed with sodium sulphide solution. If nickel ion 
is present (which is generally indicated by the brown colour of the lilti'iiie) 
sodium sulphite is added to the washing liquid, by which means the precipitate 
may be obtained quite free from nickel. The washing liquid is not added to 
the filtrate. 

^ In the prc.scnco of organic substances the filtrate may still contain 
aluminium ion, for which it is tested by treatment with ammonia in excess and 
the addition of sodium phosphate. 

“ It i^ only free from arsenic, antimony, and tm if these were present in the 
highest state of valency. For this reason the substance is oxidised in (<i). 
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little aqua regia, and nuircuric ion detected by means of 
stannous chloride (the ju'ecipitate is white or grey). m 

(e) The precipitate from (a), which, in additionio the sulphides of 
the heavy metals, contains the carbonates and possibly 
the phosphates of the alkaline earth metals, as also chromic 
hydroxide, is treated in the eohl ivitli. dilute hi/drocklorw acid 
which has been saturated with h}'drogen sulphide by 
introducing sodium suljiliide solution into the bottom of the 
flask. The still insoluble residue is treated as in (f), and 
•, the filtrate as in (/). 

(/) The, hydrochloric acid solution of the sodium sulphide pre- 
cijiitale from (c), which may contain the ions of magnesium, 
calcium, strontium, barium, chromium, uranium, irim, 
zinc, manganese (and small (piantities of cobalt and nickel 
ion), and also ])liosj)liate ion, is treated, after ex 2 >ulsion of 
the hydrogen sul[ihide and cooling, with solid sodium 
carbonate in ejvess and bromine, and then heated. The 
[ireciiiitate is dealt with as in (h), and the filtrate as 
i» (.7)- 

(f/) The solution obtained in (/') may contain chromium (as 
chromate ion), manganese (as jiermanganate ion), and 
uranium (as uranate ion). 

If the solution is red. d is heated with a little ahohol, 
whereupon the mangaaese se|)arates as hjdrated dioxide. 
A yellow coloration a|)(jearing directh-, or after [uceijiitation 
of the manganese, indicates ehwnuite ion. As a confirmatory 
tost, the liipiid is acidified with acetic acid and treated with 
lead acetate. 

After acidification with acetic acid, a test is apjilicd for 
uranate ion by means of jiotassium ferrocyanide. 

(/() The jirecipitate jiroduced by sodium carbonate and bromine 
in the hydrochloric acid solution of the sodium sulphide 
precipitate in (/) contains the carbonates or phosphates 
of the alkaline earth metals and of zinc, and also iron in the 
form of hydroxide or ])ho.S]>hate, and manganese as hydrated 
dioxide. A small portion is dissolved in nitric acid, and the 
liquid tested with ammonium molybdate solution for 
phosphate ion. The main precipitate is dissolved in hydro¬ 
chloric acid (in the jiresence of jiliosphate ion a small jiortion 
is tested W'ith potassium ferrocyanide for ferric ion, and, 
irresiieetive of whether it is found or not, ferric chloride 
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added) until, on treating a small quantity of the solution 
with ammonia, a brown precipitate is jjroduced. 

The hydrochloric acid solution is ^almost neutralised 
with sodium carhonate, treated with sodium acetate, and 
boiled. Ferric ion, is prcci|)itatcd as basic acetate, any 
phosphate ion [)i'cseiit passing into tlio precipitate, if 
'iiuinrjanona ton is present, bromine water and ammoJiia 
produce a brown ])reeipitate iu the filtrate wh(m heated. 
The ])r(aipitato is liltered off, and the filtrate tre.-ited with 
ammonium carbonate. 'I'he precipitate of bariuiy^ stron¬ 
tium, and calcium carbonates is tested for these three 
substances bv tlu' kjiown methods. The filtrate from the 
carbonates still contains zinc and tnaf/ncsiiini ion-x. The 
former is jireeipitated by means of .sodium sulphide,! and 
the latter .separated in t he lilt rate from this by means of 
sodium phosphalo. 

(() The rcxiduc from (c), inxolublc iu hydrochloric acid saturated 
with hydrogen sulphide, is boiled, after washing, with 
dilute nilrir arid. The residue is dealt with as iu (/), and 
the .solution as in [k). 

{k) The xolulion from (i) is treated with hijdiochiorto acid in 
order to precipitate silrer ion ; Jiltiate from the silver 

chloride is erajiarated ■with xiilphttne arid for the purpo.se of 
sepiarating the lead ton as .siiljiliale. The. filtrate is rendered 
animoniacal; a white [irecipitate points to bismuth ton, 
(confirmafion being obtained by dissolving it in a little acid 
and diliifing it with wafer); a blue coloration indicates 
copper ion. The copper, cadmium, anil cobalt ions arc 
precipitated by means of a little .sodium sulphide, and 
the sulphide ]ireci[)itatc boiled with suijihuric acid. 
Cadtnium sulphide dissolves, and may be preci[)itatud, after 
neutralisation, with .sodium sulphide. Copiier ion is 
precipitated by means of piotu.ssium thiocyanate and sulpihur 
dioxide from I,he nif.ric, acid solution of the residue which 

’If, on treating the first sodjuni8iilpJii(ie precipitufc, the hydrochloric acid did 
not contain Bufficiont hydrogen sulphule, the pcccipilato may contain eiulinium. 
Small quantities cobalt and mckcl jiiay also ffcapiontly l>o juesent in it. 
If, therefore it is not qmlc './Into, the pucipitatc is dissttlvcd iu nitric acid, the 
solution treated with ko<Uutt\ hytlroxidc uial a hltlc brounuo water, and tlio 
filtrate tested for zinc ion by mccina ol ‘sotlnini Mulplndo, The juccipitate 
produced by sodium hydroxide and bromine is dissolved in hydrochloric acid, 
the solution rendered ammoniacal aft,or tJie iiydnigen sulphide has been exiKilled, 
and potassium cyaimlc and sodium sulphulc added. A yellow precipitate 
indicates ci^miim sulphide. 
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was not dissolved by suliiburic acid ; cobalt ion is p: 
cipitated from the filtrate by bromine and sodium hydroxk 
Since a prj'cij)itatc may still contain jiortions of nickel, t 
presence of cobalt must be confirmed by« borax bead tei 
^ (1) Tlic insoluble rc^sidue left in («) may, in addition to sulphi 
still contain black mercuric sulpbide or its white doub 
salt; ifJdgSjifpfNDjlo, silver sulphide and lead sulphate. 
It is tested for lead ion by extraction with ammoniu 
acetate and treatnicnt of the filtrate with potassiu 
»,dichromate ; the residue is examined for mercuric ion 1 
treatnumt with irgia and addition of stannous chlori' 
to the filtrate ; finally, the residue, insoluble in aqua regi 
is tested for silver ion by extraction with ammonia soluth 
and acidification with nitiic acid. 

(/n) Alktili ions may be iletccted in the original solution, 
other cations are not present, by the method described ( 
[). fiTl). If other cations a'-e present, the examination 
made us on p. 050. 


3. Vortniann’s Thiosulphate Method.^ 

(u) Silver ion, mercury ion, and a portion of the lead ion a 
jjircipilalcd icilli hijdrochlonc acid, and the precipitate treatt 
ii.s on p. ()Oo. 

(b) The suijihatcs of Iciid, bai'iiim, strontium (and calcium) a: 

lu'ccijiitatcd wilfi .sul])huric acid. The filtrate is dealt wit 
as in (c). The jiircijiilate is boiled with strong sodiu: 
eaiboiiale solution, and the washed precipitate treated wit 
acetic acid ; the cai'bonates of lead, strontium, and calciui 
(together with small ipiantities of barium) dissolve. Bariur 
suljihate remains undissolved. 

Lead ion and the remainder of the barium ion at 
sejiiinited by means of |)otnssium chromate from the acett 
acid solution. After filtration the liquid is neutralise 
with ammonia, and heated, after the addition of a fourth c 
its volume of alcohol. Strontium chromate is precipitatec 
If awhite precipitate is proiluced in the filtrate by ammoniui 
oxalate, the jiresenee of cidcinm ion is indicated. 

(c) A small portion of the jUtratc obtained in (b) is tested b 

boiling if, wTth sodium thiosulphate, to see whether a colourc 

1 Mowitsh., fStiiJ, p. 418. 
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or a white pulverulent precipitate is formed, or whether 
only a separation of sulphur (possibly in the form of fused 
drops) is produced. 

If A fredpitatc is formed, the whole of the liquid intended 
lor the precipitation of cations i.s treated wnth sodium thio- 
sulphale, while the following points, already mentioned by 
Orlovvski,^ must bo noted. 1. The reaction of tbe li(iuid must 
be very slightly acid throughout the test. 2. It should con¬ 
tain little, if any, free nitric acid. 3. The .sodium thiosulphate 
should be added in small quantities, and, after cach«ddition, 
the liquid well mixed, boiled for two to throe minutes, 
allowed to stand, and the supernatant liijuid tested to see 
whether a precipitate has been formed, or whether it is 
still acid. 

(d) The precipitate is treated icith ammonium sulphide, and Oie 
liquid Jiltered. The solution, which contains arsenic, 
untiimny, and tin as sulpho-anions, is acidified in order to 
precipitate the sulphides, and these then separated in the 
usual way (sec ]). (117). The reshlue, inscduble in ammonium 
sulphide, contain.s, in addition to the sulphides of mercury, 
bismuth, co[qier, and cadmium, more or less aluminium, 
chromium, and uianium as hydroxides. 

It is boiled with dilute nitric acid, whereby mercury is left 
as sulphide, and the filtrate treated with sodium hydroxide 
in excess, then with sodium hypochlorite, and boiled, 
Aluminium hydroxide dissolves as alummate ion, and may 
bo precipitated by boiling with ammoniuiii chloride ; 
chromium hydroxide dissolves as chromate ion, which may 
be recognised by its yellow colour, and which is prccipitable 
in acetic acid solution with lead acetate. The residue is 
dissolved in hydrochloric acid and treated with ammonia, 
whereby conqdex copper and cadmium ions remain dissolved, 
and may be separated in the usual way. The residue, 
which may contain bismuth and uranium, is re-dissolved 
in hydrochloric acid and treated with ammonium carbonate 
and ammonia in excess; bismuth ion separates, while 
uranyl carbonate remains in solution, and may then bo 

* Orlowski first suggested a systematie course of qualitative analysis by 
means of alkali thiosulphate (Znisch. amit. Clixm., 22, 367). On page 360 of 
that communication a statement is'niade which must be due to an error, because 
at the be|:inning of the course learl, barium, and strontium ions should surely 
be precipitated with sulphuric acid or an alkali sulphate. 
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precipitated by means of acetic acid and potassium ferro- 
cyanide. 

(e) The ySJra/eiobtaincd in the thiosulphate precipitation in (c) 

is treated as in the ordinary way with Ammonia and am¬ 
monium sulphidf, after the addition of ammonium clilorido. 
'The precipitate is separated as usual. It may also contain 
cadmium, which may be found with nickel and cobalt and 
sometimes with zinc. With regard to its detection in the 
presence of these metals, see Vortmium’s sodium sulphide 
•method, (/«), footnote on p. 840. 

(f) 'Tests for cakium ion (which was at most incompletely 
precipitated in (h)) must be made by means of ammonium 
oxalate in the Jiltmlc from the ammonium sulphide pre¬ 
cipitate, and the filtrate from this tested for magnesium ion 
with sodium ammonium hydrogen phosphate. A separate 
portion is tested for alkali ions (sec Vortmann’s sodium 
sulphide method, (hi), p. 811), and another samjde must 
be tested as usual for ammonium ion by means of calcium 
hydroxide. 

4. Ebler and Knoevenagel (and Ebler’s) Method o! Separation 
by means of Hydrazine and Hydroxylamine Salts. i 

(ffi) 'The substance, if soluble in water or nitric acid, is evaporated 
(if necessary repeatedly) with concentrated nitric acid until 
it is free fi'om chloride, 'This is done without other treat¬ 
ment it the substance is soluble in water or nitric acid, but 
otherwise after it has been dissolved in aqua regia (and any 
residue insoluble therein filtered off and tested by itself as 
usual, sec p. 671). 'Tin and antimony separate as oxides ; 
the residue is well washed with dilute nitric acid and water, 
and fused with a mixture of potassium carbonate and 
sulphur. The fused mass is dissolved in water (if any residue 
is left which may contain copper, lead, bismuth, etc., as 
sulphides, it is dissolved in nitric acid, and the solution added 
to the main filtrate) and treated with sulphuric acid. The 
sulphides which are precipitated are separated in the 
ordinary way. 

{b) 'The JiUrale is tested in the cold with ammonium molybdate 
for phosphate ion, and cvfntually, after filtering oS the 
precipitate, by heating, for arsenate ion. If phosphate ion 
' Adapted from the above-mentioned communication of Qonatb. 
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was present, it should be removed by heating the liquid with 
granulated tin on the water bath. 

(c) The solution, free from phosphate, is Itea'ei with an excess of 

hydrochhric acid to separate silver ion. Any silver chloride 
preeijiitate formed i.s washed with hot dilute nitric acid, 

(d) If arsenate was present, the solution, free from phosphate 
and silver ions, is treated with hydrnziw, chloride and fumitiy 
I,ydriodic acid to reduce the arsenate ion to arseiiito ion, and 
hydrazine chloride added little by little until the liquid 
remains colourle.ss.* 

(e) The mtin solution (possibly treated as in (b) to (d) '^) which, if 

hydriodic acid was added in (d), may be rendered turbid by 
insoluble eujirous, mercurous, etc,, iodide, is treated with 
10 c.c. of a solution of h}'dro.xylamiue hydrochloride (I : 5), 
then with concentrated ammonia solution in excess, 
heated on the water bath until the liquid no longer has the 
odour of ammonia, filtered, and thoroughly washed with 
hot water. The precipitate is treated as in (_/), and the 
filtrate as in (»«), 

(/) The precipitate from (c) contains aluminium, chromic, ferric, 
bismuth, and lead hydroxides and metallic mercury, ft 
is dissolved by heating it with concentrated nitric acid, and 
the solution treated with ammonia. The mercury remains 
in solution as complex meriairic ammonium ion, and is 
separated as metal from the liltiati! by means of 5 c,c, of 
hydroxy lainine (1 , 5), the liquid being meanwhile heated 
for half an hour on the water bath, 'J'he ious of the remain¬ 
ing metals arc precipitated as hydroxides, 

(,< 7 ) The hydroxide precipUatc obtained in (/) is dif.soloed in dilute 
hydrochloric acid, and the solution evaporated to dryness 
several times on the water bath to expel all the free acid, 
the residue taken up with hot water, and the solution 
filtered. The residue is hismuthyl chloride. 

(h) Lead ion is precipitated with sulphuric acid from the filtrate 
from (y), 

(*') The filtrate from (/i) is poured into a mixture of equal parts 
^ The reduction of acsenate lakes place in accordance with the equation: 
As0"'|-l-4H‘d-21'^A30','l-2H,0d-21, and only proceeds quantitatively from 
loft to right if the free iodine has been expelled (by hydrazine): 41-1-N2H4 
=N,4-p4ff'-l 41', 

* Inati'ad of reducing the arsenate with hydriodic acid, it may be removed 
by distUlat^n with methyl alcohol, with the introduction of gaseous hydro¬ 
chloric acid. This is particularly advisable m the presence of borate ion. 



OTHER SYSTEMATIC COURSES 845 

of 20 per cent, sodium hydroxide solution and 3 to 4 per 
cent, hydrogen peroxide solution.i Ferric hydroxide is > 
preoipitat(jd. 

(k) The filtrate from (») contains aluminate and chromate ions, 

the latter being recognisable by its yellow coloration. It is 
boiled with an excess of ammonium chloride until the 
odour of ammonia has disappeared. The formation of a 
precipitate indicates aluminium hydroxide. 

(l) The fiUrute from (i) is acidified with hydrochloric acid and 
•.boiled with hydroxyluminc chloride; chromate ion is 

reduced to chromic ion (the colour changes from yellow to 
green). Ammonia precipitates chromic hydroxide. 

(m) The filtrate - from the first ammonia precipitate (c) is 
acidified with hydrochloric acid and (if iodine ion is not 
already present, owing to the reduction of arsenate) a little 
ammonium thiocyanate, is added. Cuprous iodide or thio¬ 
cyanate is precipitated, ami the solution is heated until the 
)irecipitate has subsided, leaving a clear liquid. The 
precipitate is then tested for cojiper, and the filtrate 
treated as in (m). 

(«) The Jiltrutc (which is decolorised by heating with a little 
hydrazine chloride if it i.s of a yellowish colour owing to 
iodine) is rendered ammoniacal, heated to boiling point, 
and treated with ammonium sulphide. The precipitate is 
treated as in (o), and the filtrate as in (s). 

(«) The w'ashed precipitate from (ii) is dissolved in as little con¬ 
centrated hydrochloric acid as possible, if necessary after the 
addition of a little nitric acid, the solution evajiorated on the 
water bath, the rc.siduc taken up with a little water, and the 
solution introduced into a sodium hydroxide solution contain- 
iny hydroycn peroxule, (sec (i)), heated for half an hour on 
fhe water bath, and filtered. The precipitate is dealt with 
as in Ip). The filtrat.c, w'hich contains zincatc ion, is treated 
with a little amiiioiiiiim siiljihide; white zinc sulphide is 
jirecipitated. 

(p) The precipitate from (o) is dissolved in hydrochloric acid, the 
solution boiled until the chlorine, resulting from the solution 
of manganese dioxide or cobaltic and nickelic hydroxides, 

* Potassium porcarbonate may be used instead. 

2 If it has a bluish colour, owing to thcdniluence of the air, it is heated with 
a few drops of hydrazine or hydroxylamine chloride, in order to convert the 
cupric ion into tlic monovalent form again. • 
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has been removed, then poured into a strongly ammoniacal 
hydrogen peroxide solution, heated for a quarter of an hour 
in a covered vessel, and filtere<l. Jhe precipitate is 
hydrated- manganese dioxide. The filtrate i.s treated as 
('/)• 

(q) The fiUrate from (p) is conceniriUed by boiling, treated with 
fuming nitric acid, evaporated to dryness, and heated to 
about 250°, so that the greater portion of the ammonium 
salts is removed. The residue is dissolved in as little hydro¬ 
chloric acid as possible and a portion tested for ion 
with potassium nitrite, after the addition of sodium acetate. 
The remainder is treated with potassium cyanide, and a little 
sodium hydroxide, gently heated, and ammonium sulphide 
added. Cadmium sulphide separates as a yellow precipitate. 
The filtrate is dealt with as in (r). 

(r) The filtrate from (q) is boiled in the air to oxidise the potassium 

cobaltocyanidc to potassium cobalticyanidc, and then 
treated with bromine and sodium hydroxide. Nichi ion is 
precipitated as black nickelic hydroxide. Cobalt ion may bo 
precipitated from this filtrate, after evaporation with sul- 
])huric acid, by' treatment of the aqueous .solution with 
sodium hydroxide, and may' be identified in the usual way. 

(s) The filtrate of the ammonium sulphide precipitate in («) 

contains arsenic (if it has not been removed by distillation) 
in the form of a sulpho-salt ion; this may bo precipitated 
in admixture with sulphur by' acidifying the liquid with 
hydrochloric acid and boiling it. It is evaporated with 
nitric acid, the residue dissolved in water, and arsenate ion 
identified in the solution by means of magnesia mixture. 

(<) The filtrate separated from the precipitated sulphur (possibly 
containing arsenic) contains (iho ions of the alkaline earths 
and alkalis, which, after the ammonium salts have been 
removed, may be separated and identified in the ordinary 
manner. 

6. Gustav Almkvist’s Method of Separation, based on the Different 
Precipitability with Potassium Hydroidde and Potassium 
C^bonate.i 

(a) The substance is dissolved in acid (in aqua regia, if iodine or 
cyanogen ion is prcseift), evaporated to a small residue, and 
’ Zeitsch. anorg. C'hem., 108, 221. 



OTHER SYSTEMATIC COURSES 


847 


this treated with potassium hydroxide. The solution is 
boiled until all the amnwnia has escaped, treated with 
potassium carbonate and hydrogen ])croxide, again boiled 
for 10 minutes, and filtered. The ]irccij)iti»te is treated as 
in ((/). The solution, which eontaiiis the ions of ansenic, 
antimony and tin, lead, zinc,, aluminium, and chromium, is 
divided into two portions, and treated as in (6) and (c). 

(6) One portion of the filtrate from (a) is strongly acidified with 
hydrochloric acid, filtered if necessary, and treated in an 
' flrlenmeyer flask with iron powder poor in carbon, and the 
escaping gas introduced into a hydrochloric acid solution 
of mercuric chloride (a.s ttydrogen arsenide may be formed, 
caut,ion is nece.saary here). A yellow precipitate indicates 
arsenic, and a white one mdemuny. The precipitate formed 
in the Erlenmeyer flask is filtered off, and the filtrate 
tested with mercuric chloride for stannous ion. The 
residue, which may contain antimony, lead, iron, and a 
little arsenic, is washed and then heated with concentrated 
nitric acid, anti many pentoxide being left, 

(c) The second iiortion of the filtrate from (a) is heated with an 

excess of sodium sulphide. Load and zinc ions are pre¬ 
cipitated as suljihides, and chi’omic ion as hydroxide; the 
ions of arsenic, antimony, and tin dissolve as sulpho-anions, 
and aluminium ion as aluminate ion. The filtrate is dealt 
with as in (/). 

(d) The separated precipitafe from (c) is gently heated with 
hydrogen peroxide and treated with dilute sulphuric acid. 
Zinc and chromate ions dissolve, whilst lead remains un- 
di8.solvcd as sulphate or .suljihidc. If it cannot be directly 
detected by its black colour, the separated precipitate is 
extracted with ammonium tartrate solution, and the 
solution thus obtained treated with sodium sulphide. 

(e) Zinc ion is detected in the filtrate from (d) by precipitation 

with potassium ferrocyanide. Chromate ion may generally 
bo recognised by the yellow colour of the filtrate obtained 
in (d), but otherwise may be detected in a .separate portion 
of the filtrate by the blue coloration produced after acidifica¬ 
tion with sulphuric, acid and treatment with hydrogen 
peroxide (ether being added). 

(/) Aluminium ion is precipitatdtl from the filtrate (c) by the 
introduction of carbon dioxide, and, if necessary, identified 
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by dissolving it in liydioclilorio acid, separating the silicon 
dioxide, and treating the liquid with ammonia. 

(g) The precipitate obtained in (a) is dissolvfd by heating it with 
nitric acid and hydrogen jjcroxide (if necessary the solution 
fdtered), and any residue examined in accordance with the 
course for insoluble substances, provided these have not 
been filtered off in {<()). The liquid is evaporated to dryness 
on the water bath (if phosphate ion is present, with the 
addition of tin), the residue taken up with water, and the 
precipitate i containing tin (antimony, arsenic), phosphate 
ion, and silicon dioxide filtered off. 

The solution is treated with ammonia in excess and with 
hydrogen jieroxide, heated for 10 minutes on the water 
bath in a covered ves,sel, ami ammonium oxalate then .added. 
The precipitate, which contains iron, manganese, 
bismuth, barium, strontium, and calcium, is tri'ated as in (//), 
the filtrate as in (/■). 

(A) The precipitate from {g) is boiled with sodium earbonale 
and .sodium hypochlorite solutions, whereby miimiKiicsr 
dissolves as permanganate ion.2 I’lie liipiid is filtered, f.lie 
residue treated with acetic aeid,^ and evaporated (without 
filtration) to dryness, the residue, taken up with water, and tlie 
liquid filtered. The residue is treated .as in (i); f he solution 
contains liariiini, strontium, and caleiiim ion,s, which are 
separated by means of pfjt,a.s.sinm eliromate in the ii.siial w.ay. 
(i) The residue from (h) is di.ssoivcd in sulphuric acid and 
hydrogen jieroxide ; one jiorfioii of the solution is tested 
for /crri'c ion l>y moans of potassium thiocyanate, and 
another is reduced witli stauiious chloride and ferric ion 
and tested by means of potassium Iodide for hismuth lonA 
which may he recognised by fhe yellow coloration.® 

* Since it may contain iron anil lafinmiii if toostrongly Iicatcd, the pi ocipiiate 
is treated with strong hyilroehloric acid {if tiicir ions arc not found m the solu¬ 
tion), and tests for them applied to this .-.olution. 

* If, in the prostmee of chromate ion. tlie red colour cannot he recognised, tho 
solution is heated, after tho addition of ammonia; manganese ae[iarak'S ns 
hydrated dioxide. 

* The alkali earths dis-soivc herein, as their oxAl.ate.s have been oxidised to 
carbonates by the hypochlorite. 

* If desired, tho quantity of manganous ion, which is only oxidised to per¬ 
manganate ion to a small extent in (k), m.ay he estimated by precipitating it 
as peroxide by heating the liquid willi solid poiassium persulphate before 
applying tests for ferric and hismnih ions. 

* If a tiirbiaity, due to .silver, mercurous, or euprou.s iodide i.s formed, it 
should be allowed to subside. 
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{k) The solution obtained in ( 3 ), which may still contain traces 
of barium ion, is treated with a few drops of sulphuric acid 
and filtered from any precipitated barium sulphate; the 
ammoniacsfl solution is treated with hydi»zine sulphate, 
and allowed to stand for some hours in a moderately warm 
place. Silver and mercury arc precipitated as metals, and 
are separated from one another as in {1). The filtrate is 
treated as in {m). 

{1} The metallic residue is treated with ikjuic rcijiu, the solution 
.evaporated, and the residue taken up with water. Silver 
Siloride is left, mercuric chloride di.ssolves and may be 
detected by moans of stalinous chloride. 

(»«) The filtrate obtained in (k) is Ijoiled with sodium hydroxide 
and sodium hypo<hlorite solutions until all the ammonia 
has escaped; the precipitate is then dissolved in acetic 
acid, and sodium sulj)hite and potassium thiocyanate 
added; a precijiitajc indicates cupper ion. The filtrate 
from this is divided into two portions. 

(ji) t)nc portion is evaporated, treated with potassium thio¬ 
cyanate, and shaken with amyl alcohol. The latter assumes 
an intense blue coloration in the pie.scncc of cubuU tun. 
The li<pnd is separated from the amyl alcohol in a .sejiarating 
funnel, and the a<iucous solution tested for maiiiiesium ion 
by means of ammonium phosphate. 

( 0 ) The second portion of the filtrate obtained in (m) i.s tested 
for nickel ion bj- boiling with diniethylgylo.'iime. The 
filtrate from it is rendered alkaline, and treated with 
potassium thiocarbonate, whereby cadmium ion separates 
in the form of a yellow jirccipitatc. 

B. Met/iuds 0 /separation for anions. 

Kcally trustworthy methods of separation, based on the succe.ssive 
separation of the individual anions, have up to the present <inly been 
devised for certain groups, among them being the members of the 
second group of anions. Details of them will be found under the 
“ Summary and Remarlcs ” at the end of the respective sections. 
Wo confine ourselves here to the following remarks :— 

H. Trey 1 has suggested groups which correspond in the main with 
the group divisions in this book: A.* Anions precipitable by silver 
‘ ZeiUch. ami. Chem., 38, 633. « 
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nitrate ; (a) from nitric acid solution, (6) from neutral solution. 

B. Anions precipitable by barium chloride from mineral acid solution. 

C. Anions precipitable by barium and calcium chlorides from acetic 
acid solution. , IJe recommends that tests to determine whether 
members of the individual groups are present should be applied in 
such a way that first, on the one hand, the acidified solution is 
treated with silver nitrate and the filtrate covered with a layer of 
ammonia solution, and. on the other hand, the acidified solution is^ 
treated with barium chloride, and calcium chloride added to the 
filtrate, which is then covered with a layer of sodium acctateeolution. 
It is then 2 )ossible to recognise at the points of contact of the layers, 
without the necessity of exact neutralisation, whether members of 
groups A, B, and C arc present. 

Separate tests must then be made for the detection of the in¬ 
dividual members of the groups. 

Frits Feigl i has suggested sciiarating the anion.s into two grou[is 
by precipitation with zinc nitrate fropi alkaline solution, and then 
testing the precipitate and the solution separately by means of drop 
reactions. 

The liquid is boiled with sodium carbonate (if alkali salts were not 
present from the start) and filtered, any ammonium ion pre.sent 
removed by boiling with sodium hydroxide, and nitric acid added 
(without neutralisation), with the subsequent addition of zinc nitrate 
in concentrated solution or solid form. The liquid is filtered, and 
there result:— 

A. A jrrecipitate of the zinc salts of S", SO" 3 , VO"\, B()'" 3 , 

F', Fe(C'N)'"6, Fe(CN)""o, tkN', (.MoO" 4 , VO'" 4 , WO" 4 ). 

B. A solution containing the zinc salts of CNfj', Cl', Br', I', 

CIO'3, SO"4, S30"3. (.SO"3), 

Small quantitie.s of the jirecipitate are transferred to a filter ]rapor 
and treated successively with a drop of— 

1. Acid lead nitrate solution: Yellowish-brown, but when passed 
through a flame black, indicates S". 

2. Sodium nitroprusside solution: A raspberry-red coloration 
indicates SO "3 

3. Acid ferrous salt solution ; A bluish-green coloration indicates 
Fe(CN)""e,. 

4. Acid ferric salt solution : A dark blue coloration indicates 
Fe(CN'"6). 

5. Stannous chloride solutkin: A yellow to brown coloration 

I ‘ ZeiUck, ami, Chm., 67.136. 
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indicates molybdate or tungstate ion. K neither sulphide nor 
sulphite are present, a test for cyanogen is made with— 

6 . Mercurous nitrate solution : A black coloration indicates CN'. 

7. A portion is treitcd on turmeric paper with hydrochloric acid; 
If the paper Is red when dried, becoming blackish-blue on treat¬ 
ment with potassium hydro.Yide, BO "'3 is indicated. 

8 . A portion is c.'camincd by means of the etching test for F'. 

9. A part of the precipitate is dissolved in nitric acid, and tc.sted 
for PO "'4 by means of ammonium molybdate. 

10. If sulphide or sulphite is 2 <rcscnt, a little of the prccij)ilato is 
heated with suljdmric acid in a porcelain crucible which is 
covered with a filter paper satftrated with ammonium sulphide. 
Treatment with a drop of acid ferric salt solution produces a 
red coloration in the presence of cyanogen ion. 

Bmall jiortions of the solution arc tested : 

(a) With ferric chloride : A red coloration indicates CNS'. 

(i) Wuth chlorine water and carbon bisulphide : A violet or 
brown coloration indicates 1' or lir' re.si)cctively. 

(c) With barium chloride : A precipitate of SO" 4 , insoluble in 
hydrocliloric acid, is formed. 

If no sul|ihitc ion was found in 2, tests are made— 

{(1) By the introduction of malachite green : Dccolorisatiou 
indicates S 0 " 3 . 

(c) The remainder of the .solution is treated at boiling point with 
lead nitrate, and filtered. The jirecipitate is treated with a 
drop of silver nitrate: A brownish-yellow coloration 
indicates iS 20 " 3 . 

(/) The filtrate is acidified with nitric acid, and silver nitrate 
then added ; the precipitate of tT(Kr', 1') i.s digested with 
sodium arsenite solution, the li(iuid liltercd, and the filtrate 
tested for C'T by acidification with nitric acid. 

(y) The filtrate from the silver preci[)itation in (/) is reduced 
with sidiihur dio.vido, and the Cl' jjroduced from CKl's 
detected in the nitric acid solution by means of silver 
nitrate. 
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Behaviour of the most important Alkaloids towards'Iteagents, 
and Systematic Course for their Identification. 

The detection of alkaloids by means <jf reagents, and still nioie 
tlieii' sejiaration, is incoin[iarably niore didicult than the dill'cnnitia- 
tion and identitication of most inoi”anie caticjiis In the ease of 
many alkaloids the compounds, in the form of which tlaw can be 
separated from others, ais'. somewhat.too soluble for the jmrjaiso of 
cITcctiug sharp scjiarations, whilst in (he case of olhers wo are only 
acquainted with the external phonomeiia of the reactions, and tins 
is particularly applicable to the colour reactions, but cannot yet 
attribute them to their causes, so that we tlu'refoio lack exa.'t 
knowledge of .all the eojiditions which have a nuidifyiiig inlluenee 
on the occurrence of a reaction, if these imnarks aj)ply (wen to tlu' 
pure alkaloids, they are still more applicable to the not completely 
pure alkaloids, sui-h as arc often obtained wjien they are i.solatcd from 
food, cadaveric remains, etc. 

Under certain conditions these dilUtidlies are. intensified in two 
ways. In the first jilace, there are alkaloids which cannot be identi¬ 
fied with certainty by means of e/n w/en/ reactions, .so that, p/o/.v/o- 
logical tests mu-st be used for their identification. 'I'biis, for example, 
atropine can only be definitely identified by its mvdriatic action 
(enlarging effect ujion the |iupil) when its solution is introduced into 
the conjunctival sac of the eye of a man or a eat or of the isolated eye 
of a frog. In tlic second ]ilaco, there arc formed in jintrefying 
cadaveric remains, and sometimes also in normal or [lathologicid 
urine, .substance.s which behave like alkaloids, and frequently 
rcsciidile .some of them in their reactions in such a way that there is a 
possibility of their being mistaken for them. These suhstauces, 
which have been investigated cspeiaally by Selmi, Nencki, Brieger, 
and Efratter, arc termed ptmnmines or cudareric alkaloids, and fre¬ 
quently also puirejarlinii liases. The researches of Brieger and 
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Krattor, however, have shown that the ptomaines only give mis¬ 
leading reactions when they are used in incompletely purified con¬ 
dition, i.c.. in the fojm of the syrupy residue containing peptones, 
which is left on evaporating the extracts obtained iirtfie course of the 
examination of bodies (Sec. 229, c). In the pure condition, however, 
most of them do not give any characteristic colour reactions. li is, 
Gierefore, of the utmost imjjortanre that suspicious svhslancejs ohtaitwd 
‘in tim ermrse of iin extimimtlion should be tliorour/hiif purified hfore luting 
snhjceled to chemical or physiological tests. 

As an introduction to thi.s branch of qualitative analysis, we have 
added Ajipruidix I., for which, however, wo do not claim completeness, 
preferring to restrict omsidvos to tin! alkaloiils of most importance 
and those most fre(iuently used. Among tlu'se we include the 
following: Nicotine, coniine, morphine, cocaine, narcotine, quinine, 
cinchonine, strychnine, hnicino, veratrino, and atropine. 

Wiien the methods of identifying and .scpiirating these have 
been learned, it wdl not he aMillicull. matter to e.xtend the scheme 
to other alkaloids in a given case. 

The a]>pendix on the alkaloids is divided into the following 
headings :— 

.A (leneral reagents fijr alkaloids. 

I!. Pro|]erties and rcaclions of mdivi<lual alkaloids, arranged in 
groups in accordance wilh their analytical characteristics. 

('. Properties and rcaclions of certain non-jiitrogenous substances, 
which chwely teseniblc alkaloids in their toxicological behaviour, 
or may be userl for the adulteration of alkaloids, notably salicine, 
digitaline, and jiicrotoxine. 

1). .Systematic course for the detection of the alkaloids, etc., here 
taken into consideration ; 

(a) AVhen only one may be assumed to be present. 

(h) When .several or all of them may be as.suraed to be present, 
(r) When other organic substances are present. 

A. General Reagents for Alkaloids. 

Sec, 209. 

Under the name of “ general reagents ” arc to bo understood such 
.as precipitate all, or nearly all, of the alkaloids. They arc, therefore, 
particidarly suitoble for determining wdicther an alkaloid is present 
in a solution, and may be used for the sep.aratiou of alkaloids from 
their solutions, but do not afford the means of differentiating between 
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the different alkaloids, or only to a limited extent. The reactions, 
however, only give certain results with pure solutions of alkaloids; 
in particular, the presence of colloids, such a.s gpm arabic, interferes 
with the occufrt'ncc of several of the reactions. Such interfering 
foreign organic .substances must, therefore, be removed, if nccctsary 
by dialysis, before ajjplying the reaction (J. Lcfort and 1’. Thibault). 

Of the general reagents the most imj)ortaut are :— 

A solution of iodine in potassium iodide solution (Wagner l) ;* 
platinum chloride ; gold chloride ; mercuric chloride ; potassium 
mercuric iodide (v. I’lanta,- Mayer ■'*) ; potassiunr cadnifum iodide 
(Marrae ■•) ; potassium bismuth^ iodide (l)ragcndorff “); phospho- 
molybdic acid (de Mrij, 8onne,n.schcin ''') ; ])h()sphoantimonic acid 
(Fr. Schulze ’) ; phosphotungstic acid (Scheibicr *) ; |iicric acid 
(H. Hager ®) ; tannic acid (tannin). 

The mo/U imporhinl of the.se reagents arc potassium bismuth 
iodide, phosphomolybdic acid, and tannic acid (Gadamer). 

In making a te.st, a drop of (he .solution containing the alkaloid 
is placed on a clock-glass, a drop of a solution of the reagent placeil 
beside it by means of a glass rod, and the two drojis ini.xed by gently 
shaking the clock-glass with a rotatory movement. 

Iodine in poUinsiutn iodide sohiiiun (Wagner’s reagent) : Originally 
a solution of five parts of iodine and ten jrarts of potassium 
iodide in 100 jrarts of water was used ; nrore I’ccently 0. Kippen- 
berger *<> has recormnended the use of N/10 ioilinc solution (containing 
12'7 grirrs. of iodine and 00 gnus, of jiotassiunr iodide per litre). 
The reagent ))roduces in neutral or slightl}' acid solutions of alkaloids 
flocculent brown preeijiitates of alkaloiil jienodide hydriodidcs of the 
general formula Alk.fo.Hf. Their formation and separation is 
promoted by acidifying the solutions with sulphuric aciil. If the 
precipitate is dissolved, after wa.sliing, in an arpremrs .solution of 
.sul[ihur dio.xiile, anrl the solution evapor-ati'd oir the water bath to 
remove the excess of sulphur- dioxiile arrd hydriodic .acid, the base 
is left in cornbirration with srrlplruric acid. If the precipitate was 
produced in a solution which contained a Irrr’grr proportion of orgarric 
acid.s,it should be di.ssolved in a dihtto solution of sodirrrn thio.sulplrate, 

* ZeitseJf. ntuil. Chim., 4, 387. 

* “/)rM Verhalkn dcr ivicMigaien Alkaloide gegen itengenzien," Heidelberg, 
1846. 

® Vierldjahrsch. f. Pharm.t 13, 43. * Zeitsch. uTial. Chem., 6, 123. 

® Ibid.y 6, 406. • ^ Ann. d. Chem. u. Pharm.t 104, 45. 

’ Ibid., 109, 179. » Zeitsch. anal. Chem.t 12. 315. 

» Phhrm. Zenlralh., 10, 131. « Zeitsch. anal. Chem., 36, 412 (1895). 
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the liquid filtered, iodine solution again added to the filtrate, and 
the fresh precipitate thus obtained treated as described above. If 
the brownish-red jirecipitate produced by iodine-potassium iodide 
solution in a solution of a strychnine salt is dinsolved in alcohol 
containing sulphuric acid, and the solution allowed to evaporate, 
crystalline rods of strychnine jieriodate sulphate (with pronounced 
polarising action) arc obtained (do Vrij and van dor Burgi). With 
• regard to quinine periodido sulphate, cf. Boc. 217, 11. 

Platinum chloride is used in the form of a neutral solution of one 
part in'tjventy parts of water. It forms comiiounds with alkaloid 
hydrochlorides analogous (.o ammonium |ilatinochIoridc. Some of 
these are only sparingly .soluble m water, others dia.solve fairly 
readily. The platinochlorides arc most certainly and most quanti¬ 
tatively obtained when the .solutions are cvajiorated nearly to dryness 
with suflicient platinum chloride, and the residue treated with 
alcohol. The conqiounds are yellowish-white or yellow; some are 
crystalline and others floccuient; and most of them dissolve more 
readily in hydrochloric acid than in water. 

Auric chloride, in neutral aqueous .solution (1:30) gives with 
alkaloid hydrochlorides, in not too dilute solution, yellow or brown 
amorphou.s or crystalline ]>reci]iitates of aurochlorides. Some of 
these easily deeonqio.se, with the scjiaiation of metallic gold. 

Mercuric chloride, ft Kijipcnbergcr considers a solution of 
13’.">.9 grins, per litre the most suitable ; other authorities use a 
solution of ,50 grms. per litre. The reagent gives with many alkaloid 
salts white or ycllowi.sh preci[)itatcs, which arc usually amorjihous, 
but gradually become crystalline, 'riic conijiounds of brucine, strych¬ 
nine, codeine, and thebaine are practically insoluble, whilst those of 
veratrine, narcotine, atropine, and narceine dissolve fairly readily. 
The presence of mineral adds does not prevent the reaction, but 
acetic acid and alcohol arc injurious. A large excess of mercuric 
chloride must be avoided, since many of the compounds may then 
be dissolved (C, Kippenberger -). 

Potccssium mercuric iodide solulion (Mayer’s reagent). This i,s 
prepared by dissolving 13T)5 grms. of mercuric chloride in a concen¬ 
trated solution of 50 grms. of potassium iodide, and diluting the 
liquid to a litre. The reagent gives a jirecipitate with .solutions of 
the .salts of all the alkaloids. The precipitates are white to yellowish- 
white and in.soluble in water and dilute hydrochloric acid. 

1 Liehig u. Koppt Jatiredier.. 1857, 002. 

“ Ormtdlagee fur den Nuchuri^ tvn iHJistoffcn, 1897, 1(K>* 
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Potassium cadmium iodide solution . This is prepared by dissolving 
• 10 grnis. of cadmium iodide in a boiling solution of 20 grins, of 
potassium iodide in 60 c.c. of water. After the ^olution is complete, 
the liquid is dilutee! with an equal volume of a cold .saturated solution 
of potassium iodide. The reagent produces precipitates in viery 
dilute solutions of alkaloid .salts acidified with sulphuric, acid. The 
precipitates are white or yellowish-white and floeculent, although 
some of them soon become crystalline. They are insoluble in ether. • 
readily soluble in alcohol, but less soluble in water, and dis.solve 
readily in e.xcess of the jirecipitant. The precipitato.Si 'have a 
tendency to decompose after standing for some time. The alkaloids 
may be separated from the undecorajiosed precipitates by treatment 
with aqueous solutions of alkali carbonates or hydroxides, and shaking 
the liquids with solvent.s suitable for the cxtracticjn of alkaloids, but 
not miscible with water (benzene, amyl alcohol, ether, etc,.). 

Potassium hisiniilh iodide solution (I)ragendorffs reagent). 
Bismuth iodide is introduced into a hot concentrated solution of 
potassium iodide so long as it dissolves, the liijuid filtered while hot, 
and the filtrate diluted with an equal volume of a cold saturated 
solution of pota.ssium iodide. The resulting orange-coloured liijuid 
is .stable ; when kept it should be protected from the light. Accord¬ 
ing to Thoms 1 the reagent may also be prejiared by dissolving 
80 grm.s. of bismuth .subnitrate in 2(K) c.c. of nitric acid of .sj). gr. 1’18, 
and pouring this liquid .slowly and with stirring into a roncenlmted 
solution of 272 grins, of pota.ssium iodide in water, whereby the 
brown precipitate first formed dissolves to form a yellowish-red 
solution. The li((uid is allowed to stand for several days in as colil a 
])lace as possible (an ice clie.st), and is then decanted from the crystal¬ 
lised potassium nitrate, and diluted to one litre. When added, drop 
by drop, to aqueous .solutions of alkaloid salts, acidified with sulphuric 
acid (10 c.c. of the alkaloid salt solution with n drops of concen¬ 
trated sulphuric acid) the reagent jiroduces almost immediately 
floeculent orange precipitates with nicotine, coniine, morphine, 
cocaine, narcotine, quinine, and cinchonine, strychnine, brucine, 
atropine, and most other alkaloids. Veratrine solutions, how'ever, 
show only a .slight turbidity. The precipitates obtained with the 
first-mentioned alkaloids become somewhat agglomerated on heating : 
on continuing the heating for some time they dissolve, but the greater 
portion of the compound.s .separates again on cooling. None of the 
precipitates is crystalline. The separation of the alkaloids from the 
* * Zeitsch. anat. Chem., 47, 269 (1908). 
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precipitates may be effected as in the case of those produced by 
potassium cadmium iodide. • 

Pkosfhomolyhdic acid solution (Sonnenschoin’s reagent). Di.sodium 
hydrogen phosphate solution is treated with the eitlinary ammonium 
n\plybdate reagent (p. Ill), and the precipitate well washed, first with 
5 per cent, ammonium nitrate solution, and afterwards with cold 
water. It is then mixed with a little water, and dissolved by the 
addition of the .smallest possible quantity of hot sodium carbonate 
solution. The resulting solution is evajiorated, and the residue 
ignited .until all ammonia has been expelled, and then di.ssolved in 
ten times its quantity of water. ^ This solution is treated with nitric 
acid in suflieient quantity to dissolve the precipitate first formed. 
The reagent jirecipitates all the alkaloids (but also ammonia and 
amine.s) from their acid solutions, and in most eases even from very 
dilute solutions. The procijiitates are amorphous, pale yellow, 
ochre-ycilow, or brownish-yellow, and arc insoluble or only very 
sparingly .soluble in water,«ilcohol ether, and dilute acids, with the 
excejition of phosphoric acid, at the ordinary temperature, being 
most insoluble in dilute nitric acid, especially when a little of the 
reagent is also present; acetic acid is also practically without 
influence, but has a solvent action when hot. The precipitates are 
readily soluble in solutions of alkali hydroxides or alkali carbonates, 
usually with the separation of the alk.aloid ; they arc also decom¬ 
posed, with liberation of the alkidoid, when acted ujion for some time 
by alkaline earths, silver o.vide, lead oxide, and carbonates of those 
metals. The liberated alkaloids may then be extracted by treatment 
with suitable solvents (ether, amyl alcohol, benzene, etc.). 

Phosfho-aiitimonic acid solution (iScluilze’s reagent). Antimony 
pentachloride is added drop by <irop to a. concentrated aqueous 
solution of phosjihoric acid. The reagent prepared by Schulze's 
original method of introducing 10 grins, of antimony jientachloride 
into 40 grins, of a saturated solution of sodium hydrogen phosphate 
is less stable ; a largo deposit of pyroantimonic acid is soon formed 
(R. Otto). The solution, like the phosphomolybdic acid solution, 
precipitates ammonia and most alkaloids, but does not precipitate 
caffeine. The reactions are sensitive, but in the case of most 
alkaloids, and notably nicotine and caffeine, are less sensitive than 
the phosphomolybdic acid reactions ; only in the case of atropine 
is phospho-antimonic acid the more sensitive reagent. As a rule, 
the precipitates are flocculcnt and wBitish, but the brucine precipitate 
is pink. When heated the latter dissolves, but separates again, 
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on cooling, from the liquid, which remains of an intense crimson 
Volour. 

PlMsphotunfistic acid sohilion (Scheihler’s roagentl. Six parts of 
commercial sodium tungstate {Na,^Woi.2H.)0) arc dissolved in 
10 jiarts of water, and the .solution treated with 5 ])ai'ts of a 20 [ver 
cent, solution of phos])horic acid {1'12). '^lu^ roagcTit jirecipitates all 

alkaloids from their solutions, the j)recipitate.s being flocculent and 
white. Tlie reactions arc very sensitive. Acid .solutions contain¬ 
ing only of strychnine or of quinine still show a 

distinct turbidity: if flocculent deposits subside, after standrtig for 
24 hours, they may be sej)arated and wa.shed with slightly acidified 
water without passing through the filter. The precipitates are deconi- 
jio.sed by calcium hydroxide or barium hyilroxide, with the formation 
of in.soluble jihosphotungstic acid salts, and separation of the alkaloids 

Picric acid is used in 1 per cent, aqueous solution. It pi'ccijiitate.s 
nearly all the alkaloids as picrates, even from solutions strongly 
acidified with .sulphuric acid. The jirecipitates. which are crystalline 
or soon become so, arc yellow, and, in most ca.ses, are insoluble in 
excess of picric acid solution ; in the case of the majority of alkaloids 
they are formed even in very dilute solution.s. The excejitions ari' 
given in the de.scription of the individual alkaloids. 

Tannic acid (tannin) solution. A freshly prejiarcd soluf.ion of one 
part of tannin (free from gallic acid) in eight parts of water and one 
jiart of alcohol jiroduces Hocciileut, white, or yellowish precijiitates 
in neutral or very slightly acid .solutions of alkaloids. iMorphine is 
not preeijiitated. or only to an insignificant extent. 

B. Properties and Reactions of Individual Alkaloids. 

(a) Volatile alhdoids. 

The volatile alkaloids are liquid at ihc ordinary temperature, 
and may be volatilised cither in the [Hire condition or with water. 
Hence, they are obtained in the distillate wlioii their salts are dist illed 
with strong non-volatile bn.sos and water. Their vajiours form fumes 
tvhen brought into contact with those of volatile ac.id.s. 


Sue. 210. 

1. Nicotine, OiolInNa. 

§-Pyridyl-n-niethjl-a-fyrrolidine, (i 5 n 4 N.C 4 H 7 N(CH 3 ). 

1. Nicotine, which occurs in‘a.ssociation with other alkaloids in 
the leaves 4ind seeds of the tobacco plant (Nicotiana tabacum and 
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rustica), is, when absolutely pure, a colourless oily liquid, which 
becomes slightly yellow or brown through the action of the air. Itfe 
specific gravity compared with water at 4° is 1'01837 at 10'2°, and 
I'OllOl at 20° (Landolt).l It boils in an atmosphere of hydrogen 
ikt 210-2° (|i'l. Ratz) 2 under a pre.s.suro of Tl'.l'd mm., without under¬ 
going (lecompo.sition. When heated to boiling point in the air, it is 
partially decomposed. Natural nicotine rotates a beam of polarised 
light to the left. Katz found a jiartieularly pure preparation to have 
Hn--- -109°. 

It iis miseilile with water in all projiortions. Potassium and 
sodium li)'dro.xides jirecipitate^ it from its solution. It is readily 
.soluble in alcohol, other, amyl alcohol, and petroleum spirit. 

Nicotine has a penetrating odour of toliacco, which is jiarticularly 
pronounced on heating. It has a sharj) burning taste and is very 
poisonous. Applied to pa)jer, it produces a transparent stain which 
slowly disappears ; it turns turmeric paper brown and red litmus 
paper blue. These reactisns are more dLstinct with concentrated 
aqueous solutions of nicotine than with the pure alkaloid. 

2. Nicotine has the charact er of a fairly strong mono-aciil base ; 
it precipitates hydro.xides from solutions of metallic salts, and com¬ 
bines wilh acids to form anltn. The latter are non-volatile, or only 
slightly volatile ; the)' are readily soluble in waiter and alcohol (with 
the exception of nicotine acetate), lint are insoluble in ether, amyl 
aleoliol, chloroform, benzene, and jictroloum .sjiirit; some of them 
can be cr)'stalliscd, 'I'hey are odourlc.ss, but have a strong taste of 
tobacco. Their solutions can be evaporated at a moderate heat, 
without any considerable loss of nieofino. Nicotine hydrochloride 
(unlike coniine, hydrochloride) oidy crystallises wdth dilliculty. It 
forms a deliijuc.sccnt cri'stalline mas.s, which, on evajiorating its 
.solution, volatilises, wilh partial decomposition, into its components 
(A. Pinner). 1’he salts, when distilled with jiotassium hydroxide 
.solution, yield a di.stillalc containing nicotine. If this distillate is 
neutralised with oxalic acid and evajiorated, there is left a residue 
of nicotine oxalate, which may be sojiarated from any ammonium 
oxalate present by means of alcohol, in which the former salt is 
soluble and the latter insoluble. 

3. On shaking an aqueous solution of nicotine, or a solution of a 
nicotine salt to whicli jiotassium or .sodium hydroxide has been 
added, with ether or petroleum spirit, the nicotine will be extracted. 

* Ann. d. Che.m., 189, 319. 

^ Wiener Momish., 26,1241 (1905). • 
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Owing to the ready solubility of nicotine in water, however, its 
ftansfeience to the extraction-solvent is far from being quantitative. 
The greater the amount of alkali hydrochloride added to the solution, 
the more completer ij the extraction. It i.s advisal)lo to repeat the 
shaking several times with frcsli portions of ether or petroleum S])irit. 
If the resulting solution is allowed to evaporate on a clock-glass at 
about 20°-30'’ the nicotine is left in drops and streaks. On heating 
the glass, the drops volatilise as a white vapour with a strong odour. 
If an ethereal solution of hydrogen chloride, is added to the liquid to 
be evaporated, nicotine hydrochloride is left as an amor[diousfyellow 
residue, which only becomes crystalline after standing for a long 
time. 

4. Conmilrntcd sulphuric acid and nitric acid of sp. gr. r2 
dissolve nicotine in the cold, yielding colourless solutions, whilst 
cold nitric acid of sp. gr. I'l dissolves it to form a red solution. 

5. On gently heating a drop of nicotine with three or four drops 
of hydrochloric acid of sp. gr. ri2 a pale brownisli-rcd s{ilution is 
obtained. When this is treated, after cooling, with a drop of nitric 
acid of sp. gr, hi it becomes violet-red and tlien gradually red. 

0. A .solution of iodine in palussiiiin iodide sohitioii. when added in 
snuill proportion to an aqueous solution of iiieotii\e. ])roduces a 
yellow prcci])itate, which disappears after some tijue. On adding 
more iodine .solution an almridant red preeipit.ite is produced ; a 
similar precij>itate is also formed in solutions of iiicol,ini^ salts. Tliesc 
precipitates also disafipear after .some time. 

7. Platinum chUuide produces a wliitisli-yollow precipitate in 
aqueous solutions of nicotine or nicotine s.'dts, wliidi are not too 
dilute. Tlie precipitate is floc.culent at first. Wiicu tlie liquid 
containing it is heated tlie precipitate dissolves, bul,, on continuing 
the heating, is soon re-precipitated as a lieavy c.iystalliuc orange- 
yellow pow'der, whicli is seen under tlie mieroseope to lie eomposod of 
round crystalline granules. If a fairly dilute acjiieoiis solution of 
nicotine is treated witli excess of livdrocldoric acid and tlien with 
platinum chloride the liquid remains clear .at first. After some time, 
however, the platiiiochloride separates in minute erystals (pointed 
quadrilateral rods) visitde even to tlio naked eye. An alccdiolic 
solution of nicotine containing free hydnielilorio. acid is immediately 
coloured yellow by platinum cliloride, Tlie salt tints iditained is a 
finely-granular powder. 

8. Auric chloride, when addetf in excess, produces in .solutions of 
nicotine saltis, as also in an aqueous solution of nicotine, a floeculent 
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reddisli-yellow precipitate, whicli dissolves witli difficulty in hydro¬ 
chloric acid. In the presence oi excess of nicotine the precipitate 
is not formed. 

i). On addin<* an aqueous solution of nicotine to an excess of 
tj^.rcuric chloride sohdion there is produced an abundant flocculent 
white precipitate, whicli is soluble in hydrochloric acid and in 
ammonium clilorido .solution. A neutral solution of nicotine hydro¬ 
chloride, but not one containing an excess of acid, also gives a pre¬ 
cipitate with mercuric chloride. 

lt).„On treating an aqueous or alcoholic .solution of nicotine with 
silver niletde sohdion the licpiid as.sume.s a faint brown coloration, 
which gradually becomes brown, and linally, after a long time, a 
brownish-black prccijiitate is formed. 

11. Picric acid, when addcil in c.\ccss to an aqueous .solution of a 
neutral nicotine salt, gives a yellow precipitate. 'J'his precipitate is 
crystalline or soon becomes so, and is soluble in hydrochloric acid. 

12. A solution of tannw acid gives an abundant white precipitate 
with aqueous solutions of nic(]tme. On adding hydrochloric or 
<liIuto sulphuric acid to the liquid the precipitate is dis.solvcd. 

1,'i. IVlien an ethereal solution of nicotine is mixed with an C(|ual 
volume of ail ethereal solution of iodine, and the mi.\turc allowed 
to stand in a closed dr)' test-lube, there sejiarates a brownish-red 
resinous oil, which gradually solidilies to a crystalline mass. On 
allowing the light brownish-yellow sujicrnatant liquid to stand, long 
transparent ruby-red ciystals (shimmering blue in reflected light) 
shoot through it (Roiissin’s cii/stals). According to C. Kippen- 
berger,! these consist of the hvdriodic acid salts of nicotine mono- 
iodide, ('lolTiiilNc, and of periodides of this salt. Under certain 
conditions of conc^entration Kijipeuberger sometimes obtained pale 
yellow ciw.stals, in addition to Roussin's cr)'stal3. The reaction 
is very characteristic, but unfortunately reepiires a considerable 
amount of material. In the ease of a solution of ()'08 gnu. of 
nicotine in dO grins, of ether (1 : btXi) the crystals only a|)pear after 
about d hours ; whilst in a solution of 1 : l.fiO or 1 : 1(K( they appear 
after a few minutes (l)ragendortl and Zalewsk)). As a rule, old 
resinilied nicotine no longer give,s the crystals (W. Autenrieth). 

14. On adding an alcoholic solution of nicotine to 2 to .3 c.c. of 
epichloibydrin, and heating the' mixture until it boils, the solution 
becomes deep red (distinction from coniine). The lower limit of 
seneitiveneaa for the reaction is refehed with the use of drops of a 
' Zeitsch. ami. (.'firm., 42 , 232 ( 1903 ). • 
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solution of 1; 500. The reaction is then obtained only after long 
ftontinued boiling (H. Melzer i). 

15. If unresinilicd nicotine is heated with one drop (more causes 
explosion) of a 30 pei cent, solution of formaldebydd (free from formic 
acid), and the re.sulting solid residue treated, after a few hours, with^a 
drop of concentrated nitric acid, an intense pink to red coloration is 
produced. A distinct reaction i.s given by a.s little as O'b mgrm. of 
nicotine. The tost succeeds as well, or even bettor, when pure formic 
acid i.s used instead of formaldehyde. Coniine docs not give the 
reaction (Schindelmeiscr'-). „ ' 

1C. According to Dragendorlf and Zalew’ski, tlie r/cncml reagents 
for alkaloids show the following limits of sensitivenoss when applied 
to O'l c.c. of a neutral solution of a nicotine .salt; I’lal inum chloride, 
1:5000; auric chloride, 1 : 10,(.KX); ])hos])liomolybdic acid, 
1 : 40,tXK.l; [Kitassium bismuth iodide, 1 ; •10,(K)0 ; ])ota.ssium 
mercuric iodide, 1 : 1.5,000 ; mercuric chloride, I : 10(X>; tannic 
acid, 1 : 500 ; and iodine in potassium iodide solution, 1 : 30(XI. 

Sec. 211. 

2. Coniine, t'slfivN- 

a-Pro])f piperidine, '31 1 7 ) 1 ''■ 

1, Coniine lycnun. together with small (|uantitics of other allied 
alkaloids, in the seeds, es|iecially when imrijie, and also in other parts 
of the spotted hemlock (Coniuin tnacuhdiiin). It is a colourless oily 
liquid W'ith a repulsive stujiefying odour and a jmngent taste. 
According to Zalewsky the niousc-like odour of dilute .solutions of 
coniine does not belong to it, but i.s due to imjmrities, po.ssibly de¬ 
composition products of the alkaloid. On exposure to the air 
coniine becomes brown and viscid. It has a specific gravity of 
0'845 at 20“, and boils at 1()8'5“. Even at the ordinary temperature 
it volatilises to a considerable extent. It distils without alteration 
in a current of hydrogen, but when distilled in vc.s.sel.s containing 
air it turns brown, and is partially deconqio.sed ; it is readily volatile 
in a current of steam. It di.ssolves with dilticulty in ivater, 90 parts 
at the ordinary temperature dissolving one part of coniine. It is 
much less soluble in hot water, so that a cold saturated solution 
becomes milky when heated and clear again on cooling. Coniine 

* ZcUsch. amd. Chm., 37, 367 (1888). 

‘ Pharm, ZetUralh., 40, 703 (1889). 
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is miscible with alcohol in all proportions ; it also dissolves readily 
in ether, petroleum spirit, and essential and fatty oils, but is less' 
soluble in ehhiroform (H. Melzer i). Solutions of natural coniine 
rotate a beam of polarised light to the right [a],,,—'+13'8°. Aqueous 
and alcoholic solutions show a pronounced alkaline reaction. 

2. Coniine is a strong mono-acid base ; like ammonia, it precipi¬ 
tates hydroxides from solutions of metallic salts, and combines with 
acids to form sallx. The latter are soluble in water and ah'ohol, 
insoluble in petrolcusn s])irit, and insoluble, or practically so, in ether. 
Coniine, jiroduces dense white fumes with volatile acids. Coniine 
hydrochloride crystallises readily ; if a trace of coniine is dissolved 
in one or two dro[)s of concentrated hydrochloric acid, and the 
solution evaporap^d, colourless or slightly r-ellow crystals are im¬ 
mediately obtaiiK^d, the characteristic form of which, in pointed 
needles or rods grouped into stars oi’ angular aggregate.s, m.ay be 
recognised under a magnillcation of 180 to 2:'>0 diameters. (Distinction 
from nicotine.) Coniine hydrochloride is readily soluble in absolute 
alcohol. (Distinction and method of separation from ammonium 
chloride, W. Lenz.) Solutions of coniine sul|)hate yield first needle- 
shaped and subsecpiently large leaf-like crystals (Dragendorli). The 
salts, when dry, have no odour of coniine, and only a faint one when 
moist, but on adding sodium hydioxido a pronounced odour is 
developed ; on then distilling tlu! liquid the distillate will contain 
coniine. If this distillate is neutralised with o.xalic acid and cvajio- 
rated, and the residue treated with alcohol, the coniine oxalate will 
dissolve, whilst any ammonium oxalate present will remain un- 
dissolvcd. 

Since coniine is only slightly soluble, in w'ater, and still lcs.s soluble 
in aqueous solution.s of alkalis, a concentrated solution of a coniine 
salt becomes milky on the addition of sodium hydroxide. The drops 
which first sejiaratc gradually unite and collect upon the surface. 

3. When an aqueous .solution of a coniine salt is shaken with 
sodium lii/droxidi’ and ether or petroleum spirit, the coniine will be 
c.xtracted by these solvents. On then allowing the extract to 
evaporate on a clock-glass at about 20“ to 30“, the coniine rvill be left 
in the form of oily yellow drops. 

4. Coniine dissolves in cold concentrated sulphuric acid and in 
;old nitric acid of sp. gr. 1’4 without producing a coloration. 

5. Coniine behaves like nicotine towards solutions of iodine with 
oolassium iodide and of tannic acid,*' 

‘ Arch. d. Pharm,, 286, 701. 
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6. PUAinum chloride produces a precipitate only in concentrated 
* solutions of coniine liydrocMorido ; in dilute solutions no precipitate 

is formed, oven on the addition of alcohol. (Essential distinction 
from nicotine.) <> , i, • 

7. Avric chloride produces a yellowish-whitc precipitate, but only 
in concentrated solutions of coniine hydrochloride ; the precipitate 
is insoluble in hydrochloric acid. 

8. Mercuric chloride precipitates coniine as a white precipitate 
soluble in hydrochloric acid. 

9. liilver nUrale produces immediately a j^rey-brown prpeipitate 
in cither aqueous or alcoholic solutions of coniine. 

10. On treating coniine with water, and adding chlorine water, an 
abundant white precipitate, readily soluble in hydrochloric acid, is 
produced (Distinction from nicotine.) K. Otto could not always 
obtain this reaction. 

11. When coniine is treated with water, and .saturated solution of 
2 iicric acid added, a yellow precipitate js formed; no precipitation 
takes place, however, in a dilute solution. 

Id. On treating a few c.c. of an alcoholic solution of coniine with 
five drops of carbon hifiulphide. and allowing the mi.vture to stand for 
some minutes, it shows a nunc or less ju'onounced yellow coloration. 
On then adding two or three drops of a dilute aqueous solution of 
copjicr sulphate (1 : 200), a yellow to brown precipitate or coloration 
is produced, according to the concentration. The reaction is obtained 
even with 2 c.c. of a solution of 1 : 10,(H)0 (II. .McDcri). 

13. When a few drop.s of a solution of 1 grin of jiotassium per¬ 
manganate in 2tKt gnus, of concentrated sulphuric acid are mixed 
with a little coniine, the green coloiation lirst'produccd changes to a 
violet coloration, which remains unchanged on further addition id' 
sulphuric acid (D. \ itali and C. Stioppa-). 

14. Using 0 1 c.c. of a neutral solution of coniine sulphate, 
Dragcndorlf and Zalewsky found the ijciu ral rea<jenls for alkaloids 
to have the following degrees of .sensitiveness : rh(.).sphomolylidic 
acid, li.^OlK); potassium bismuth iodide, 1 : (i(J(l«; potassium 
mercuric iodide, 1 : 100(_); tamiic acid, 1 : 100 ; platinum chloride, 
auric chloride, and mercuric chloride, less than 1 ; lOO ; and iodine 
in potassium iodide solution, more than 1 ; 10,(XX). 

‘ Zciisdi. ami. Vhem., 87, 364 (18U8) 

* Zeitsch. VrUera. Nahr. Oenua.^., 3, 687 (1000). 



SEO. 212 


SVUMAEY AND REMARKS 


863 


Sec. 212. , 

Summary and Remarku on the Volatile Alkaloids. 

The volatile alkkloids are mo.st easily identificJ m the pure con- 
ditWn. Hence, steps must first bn taken to obtain them in such 
condition. The method of doing this, in the case of nicotine and 
coniine, has already been outlined above. The aqueous solution 
• containing them is treated with .sodium hydroxide and di.stilled in a 
current of hydrogen, and the distillate is neutralised with oxalic 
acid and ovaporated. The residue is taken up with water, the solution 
treated with sodium hydroxide, a^d shaken with ether or petroleum 
spirit, and the extract containing the alkaloids allowed to evaporate 
at 20°. Coniine is distingui.shed from nicotine, in particular, by its 
odour, by its very slight solubility in water, the behaviour of the 
aqueous solution when heated, the rapid crystallisation, crj'stallinc 
form and optica! behaviour of its hydrochloride, and its behaviour 
towards silver nitrate, platiidim chloride, chlorine water, and picric 
acid, and towards carbon bisulphide and copper sulphate. Nicotine 
is characterised by its behaviour when heated with hydrochloric acid, 
followed by treatment with nitric acid, but especially by its behaviour 
towards an ethereal solution of iodine, and toward.s epichlorhydrin. 
Lastly, it should be borne in mind that the general reagents for alka¬ 
loids precipitate nicotine from much more dilute solutions than 
coniine. In forensic cases, in the I'asc of coniine in particular, a 
physiological test of identification (paralysis of the peripheral nerves) 
should be made by a qualified expert.* 

(6) Nun-rolalile alkaloids. 

The non-volatile alkaloids are .solid, and cannot be distilled in 
a current of steam. 


First Group. 

Non-volatile Alkaloids, which are precipitated from their solution 
by Potassium or Sodium Hydroxide, and not redissolved on 
addition of excess of the precipitant. 

Of the alkaloids described here morphine and cocaine belong to 

» 

this group. 

> Further ohomioal methods of dilleron^^ting between nicotine and coniine 
have been given hy C. Reichard (Pharm. ZetUralh., 46, 262 end 309 (1906)). 


.3!i 
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Sec. 213. 

1. Morphine, C 17 H 18 NO 3 . 

. 0 . 

C«H 2 ( 0 H)(f \c»IIi(,( 0 H)N.CH 3 . 

1. Morphine occms, togetlioi witlitlie alkaloids codeine, thebaine, 
papaverine, narcotine, narceine, and about ten others, and also with 
meconic acid and the inert nitrogenous compounds meconine and 
meconoisine, in opium, the dried latex of the green seed capsrle's of the 
poppy (Papuversomnifmim). Cir^'stalline morphine, CnHjjNOs.IfaO, 
is usually in the form of lustrous transparent needles, short rhombic 
rods, or (when obtained by preoipitation) a white crystalline powder 
with a bitter taste. According to the determinations of M. Schnltz ’ 
and E. Maych,® the solubility of morphine is as follows : 1 part 
in 6000 parts of water at 15°, and in .500 parts at KX)° ; in 76.'iO 
parts of ether at 20° ; in 10,6(X) ])aits of ether saturated with 
water; in 1600 parts of benzene; in 1526 parts of chloroform; 
in ] 170 parts of petroleum spirit; in 781 parts of acetone ; in 637 
parts of acetic acid ; in .300 parts of alcohol; in 100 parts of amyl 
alcohol at 17-5 (and still more readily in the boiling .solvent); aiid 
in 4'8 parts of a saturated aqueon.s solution of chloral hydrate. 
The solutions in hot alcohol, as also those in hot water, have a 
distinctly alkaline reaction and a bitter ta.ste. Morphine is extraided 
from them by fre.shly ignited bone charcoal (M. .1, Lefort), and also 
by fuller’s earth prepared in a specified manner (.f. V. Lloyd 
Morphine has a laevo-rotation; [ajj, -98-4". Crystallised morphine 
loses its water of crystallisation at as low as 90° to 100°, and when 
carefully heated at a higher temperature (not much below 230°) 
it may melt and sublime without decomposition (Hesse). In 
alkaline solution morphine is converted by the action of atmospheric 
oxygen into oxydimorphinc (pseudo-morphine), C 34 II 38 N 2 O 8 . 3 II 2 O. 

2. Morphine neutralises acids completely, combining with them 
to form morphine salts. Most of these are crystalline; they are 
readily soluble in water, and most of them also in alcohol (the sul¬ 
phate requires 700 parts of cold and 144 parts of boiling alcohol of 
sp. gr, 0 82), but are insoluble in ether, chloroform, and amyl alcohol; 
they have a nauseous bitter taste. Freshly ignited bone charcoal 
‘ Arch. d. Pharm., 260, 418 (1912). 

‘ Zeitach. anal. Chem., 39, 119 (.900). 

Die Welt in vernuchldangten Dimenaiontn, 2nd ed., 1010, 

nn HH IW4. ' ' 
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extracts morphine from solutions of its salts (Dragendorff). Mor-^ 
phine and morphine salts are poisonous. 

3. Potassium hydroxide, sodium hydroxide, and ammonia precipi¬ 
tate morphine froti solutions of morphine salts ^in most oases only 
after some time) in the form of a white crystalline powder. The 
separation is promoted hy stirring, atid by rubbing the sides of the 
ves.sel below the liquid. The precipitate dissolves very readily in 
exocs of potassium or sodium hydroxide .solutions, hut with more 
dilTiculty in ammonia solution ; it is also .soluble in ammonium 
chlori3e»and ammonium carbonate solutions, but only with difficulty 
in the latter. On shaking a soljition of morphine in ])otas3ium or 
sodium hydroxide solution with petroleum 3[)irit no morphine is 
ext.racted, and only a small proportion by shaking it with ether, but 
])ractically the whole of the alkaloid is extracted by shaking the 
liquid with warm amyl alcohol. 

4. Potassium carbonate and sodium carbonate produce a precipitate 
of the same composition as'do potassium or sodium hydroxides or 
ammonia. It is insoluble in excess of the precipitant. Hence, on 
adding potassium or .sodium hydrogen carbonate to a solution of 
morphine in pota.ssiura or sodium hydro.xide .solution, or introducing 
carbon dioxide into the solution, morphine separates, cs])ecially 
after boiling the liquid, as a crystalline powder, containing water of 
crystallisation. When viewed with a lens this is seen to consist 
of small pointed crystals; under a magnification of 100 diameters 
those appear as rhombic rods. 

r>. Sodium hydrogen carbonate and potassium hydrogen car¬ 
bonate precipitate hydrated morphine as a cry.stalline powder in 
a very short time from solutions of neutral morphine salts. The 
precipitate is insoluble in excess of the precipitant. A precipitate is 
not formed in the cold in acidified solutions. 

6. When morphine or a morphine conqiound in solid form or in 
concentrated solution is brought into contact with strong nitric acid 
a yellowish-red liquid is obtained. A violet coloration is not formed 
on the addition of stannous chloride. (Distinction from brucine.) 
Dilute solutions do not change their colour on the addition of nitric 
acid in the cold, but when heated become yellow. 

7. Absolutely pure concentrated f tilphuric acid dissolves morphine 
in the cold, forming a colourless solution.i If a trace of •polasstum 

• W. Gohlich {Zcitsch. anal, Chem., 40,^49) found that out of 62 samples of 
commerciarmorpiiine hydrochloride not a single one answered the requirement 
of remaining unchanged by concentrated sulphuric acid. 
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nitrate is added to the freshly prepared -solution, a coloration is 
produced, which is sometimes momentarily reddish, soon changing 
to brown, but is often immediately brown. If, on the other hand, 
a solution of morphine in concentrated sulphuric^ acid is allowed to 
stand for 12 to 15 hours in the cold, or is heated for half an hour, at 
1(X)“, it undergoe.s a materi.al alteration. This may be recognised 
by a pale dirty violet coloration, but especially by the fact that when 
the cold or cooled solution is now brought into contact on a porcelain 
surface with a trace of polaesium nitrate, or with a drop of nitric acid 
of sp. gr. T2, it assumes a fine coloration which is sometimes violet 
and then blood-red, but may also bo blood-red immediately. It 
fades slowly to orange-yellow. In the presence of extremely minute 
traces only a pink coloration is produced (A. Husemann i). The 
reaction is very characteristic and also very sensitive ; it was found 
by Kauzniann and Dragondorll 2 to be capable of detecting as little 
as O'Ol to 0 02 mgrm. of anhydrous morphine sulphate. 

8 . Sodium nitrite solution gives with'traccs of morphine a yellow 
coloration, which becomes orange on the addition of sodium hydroxide 
(Wieland and Kappelmaier 3). If acidified nitrite solution is used, 
and the liquid rendered alkaline with concentrated potassium 
hydroxide solution, the colour varies according to the concentration, 
from pale pink to deep ruby-red. The colour disaj)pcars on the 
addition of acid, but returns again when alkali is added. 

9. A solution of O'o grm. of selenioos acid (IlaSeOj) in 100 grms. 
of concentrated sulphuric acid gives, on contact with morphine, a 
blue coloration which, after a short time, b(!come3 permanently 
bluish-green to olive-green. On heating the liquid, the colour 
becomes brown ; the test is capable of detecting O'OOS mgrm. 
(Mecke t). 

10. On heating a soluthm of morphine in pure concentrated 
sulphuric acid with a small amount of sodium or potassium arsenate. 
until it becomes red, the liquid, when cautiously diluted with water, 
after cooling, becomes red<lish to red, and on the further addition of 
water, green. On then shaking it with chloroform or ether it 
changes to a fine bluish-violet colour, whilst the organic solvent 
becomes reddish-violet (Tattersall,® Donath). 

* Ann. d. Chem., 128, 305 ; Arch. d. Pharm. [3] 6, 231. 

* DragendorlT, Beiirugezur grrichtliche.n Chemi^ cinzdner organischer Oiftc 
(Petrograd, 1872), p. 124. 

' Ann.d. CAcm., 382, .300 (1911)'. 

* Zeitsch. oJfcyUl. Chem., 5, 351 (1899). 

^ Chern. News, 41, 63. 
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11. A fresMy-prepared solution of 01 grm. of ammonium molyb¬ 
date in 1 c.c. of concentrated sulphuric acid (Frohdo’s reagent,i » 
modified by Buckingham gives highly characteristic colorations 
with morphine, a solid morphine salt, or a drops of a solution of a 
m<jrphine salt, even in the puesence of the most minute traces of the 
alkaloid. If a few dropjs of the solution are placed on a porcelain 
surface, and a spicule of morphine added and crushed with a glass 
rod, a deep violet coloration is immediately obtained. This gradu¬ 
ally changes to olive green, whilst the margin of the sulphuric 
acid bccfimes a fine dark blue. On adding a drop of a dilute solution 
of a morphine salt to the solution a deep blue ring, which sometimes 
has a violet margin, is immediately obtained, and subsequently the 
drop in the middle, and gradually the whole liquid, changes to a fine 
bluc.3 The reaction is extremely sensitive (Kauzmann and Dragen- 
dorff were able to detect as little as O Oor) mgrra. of anhydrous 
morpjhinc sulp)hato by its means), but is not of itself conclusive, since 
other organic substances ^phloridzine, salieine, digitaline, etc.) 
produce similar colorations. It should also be noted that the 
reaction must take place immediately, since the reagent becomes 
blue when allowed to stand for some time exposed to the air, owing 
to the action of dust. On the addition of water the liquid, which 
has been rendered blue by morjdiine, becomes very pale yellow, 
almost colourless. (Uistinction from salieine, which then yields 

a reddish fluid.) 

12. On bringing an intimate mixture of 1 part of morpihine with 
about 6 to 8 parts of swjar into contact with a few drops of con¬ 
centrated sulphuric acid on a jiorcelain tile, a pink to purpile-rcd 
coloration, according to the amount of morjihine, is obtained. The 
coloration lasts for a considerable time, but gradually changes 
through absorprtion of water into bluish-violet, then into dirty bluish- 
green, and finally into dirty brownish-yellow. 

The reaction is obtained distinctly with OT to O'Ol mgrm. of 
morphine. In the case of dilute solutions of morphine salts, a drop 
of the liquid should be treated with as much sugar as it will dissolve, 
a drop of concentrated sulphuric acid placed beside it, and the edges 
of the drops brought into contact by inclining the tile (K. Schneider*), 

• 

^ ZeiUch. arial. Chem.y 5, 214. 

* Ibid., 13, 234. 

* With regard to tho spectroscopic plynomena of these colour reactions, 
cf. Dragendorff, Zeitech. anal. Ckern., 85, 758 (I89fi). 

■* ZeiUch. anal. Chem., 12, 218. , 
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The addition of, at most, three drops of bromine water increases the 
1 sensitiveness of the reaction ("Weppen t). 

13. On evaporating morphine or its sulphuric or hydrochloric acid 
salt with a few drops of formaldehyde solution nearly to dryness in a 
white porcelain dish, adding a drop of stannous chloride, solution, wlple 
the liquid still has an odour of formaldehyde, and rubbing the residue 
with a glass rod, there is at first no material alteration. On continu¬ 
ing the drying, however, a fine violet spot appears and gradually 
increases in intensity, until finally it shows a coloration almost 
bordering on black, even in the presence of minute traces o| a mor¬ 
phine salt. The reaction cannot bo produced with alkaline solutions 
of morphine (C. Reichard 2). 

14. Morphine dissolves in a freshly-prcj)ared mixture of two to 
three drops of 10 per cent, formaldehyde solution and 3 o.c, of 
concentrated sulphuric acid to form a solution which is violet at first, 
but slowly changes to bluish-violet, blue, bluish-green, and green. 
The sensitiveness of the reaction is 0 001 mgrm. (Marquis 3). 

15. On treating morphine with four or live drops of a freshly- 
prepared solution of two drops of furfural and 10 c.c. of concentrated 
sulphuric acid the mixture becomes bright red, the colour changing 
to olive-green on heating (Brunner and Blrzyzowski *). According 
to N. Wender,^ however, a transient violet coloration is produced 
when the liquid is heated. 

16. On dissolving a small amount of morphine in about 1 to 
1'5 c.c. of concentrated hydrochloric acid, adding a drop of concentrated 
sulphuric acid, and heating the liquid in an oil bath at 100°-120° C. 
(or on the water bath) until all hydrochloric acid lias volatilised, a 
2 )urple-red residue is obtained. On again treating this with a small 
quantity of hydrochloric acid, then adding a cold saturated solution 
of sodium hydrogen carbonate until the liquid has a neutral or only 
slightly acid reaction, and lastly introducing a drop of an alcoholic 
solution of iodine, the liquid assumes an emerald-green coloration. 
On now shaking the liquid with ether the substance causing the 
green coloration (apomorphine) is dissolved by the ether, and a fine 
violet-red ethereal layer is obtained (Pcllagr ®). Codeine gives the 
same reaction. 

* ZeiUch. anal. Chem., 13, 465. With regard to the spectroscopic behaviour, 
c/. Ibid., 35, 768 (1896). 

' irn., 46, 72 (1907). 

’ Ibid., 40, 6i (1901). 

* Ibid., 88, 469 (1899). 

‘ Ibid., 42, 328 (1903). 

» im.,dl, 373 (1878). 



SBC. 213 


MORPHINE 


871 


17. On treating a solution of a morphine salt with a large excess 

ol alkali hydroxide, and adding iodine-potassium iodide solution, the , 
first addition produces only a yellow coloration (so long as the iodine 
is still in combina^on with the alkali). On the ^ijrther addition of 
ioehne solution, as gradually as possible, the liquid assumes a grass- 
green coloration, which is particularly distinct on dilution with 
water. Not until a large quantity of iodine has been added does an 
insoluble compound separate. If, however, the morphine solution 
was neutral or slightly acid, the dark brown compound of periodide 
and hydiiodic acid is immediately precipitated (C. Kippeuberger *). 
According to Dragendorlf this precipitate is formed even in a liquid 
diluted to 1 : 5000. * 

18. When iodic acid or sodium iodate and sulphuric acid is 
brought into contact with a solution of morphine or of a morphine 
salt, iodine is jirecipitatod. If the .solution was aqueous and con¬ 
centrated, a brown precipitate is produced, but if alkaline or dilute, 
the liquid becomes brown pr yellowcsh-brown. If starch |)astc is 
added to the liquid before, or immediately after, the addition of the 
iodic acid, the sensitivenes.s of the reaction is considerably increased, 
since the blue coloratimi of the resulting starch is visible in far 
greater dilution than the brcjun colour of the iodine. The reaction 
is most .sensitive when the iodic acid solution is treated with a little 
.starch paste, and the morphine .salt introduced in the solid condition. 
It need hardly be mentioned that the sensitiveness of the reaction 
may be intensified by e.xtracting the liberated iodine from the 
aqueous solution by niean.s of caibon bisulphide. 

Inasmuch as other nitrogenous compounds (albumin, casein, 
fibrin, etc.) also reduce iodic acid, the mere separation of iodine has 
only a relative value. If, however, ammonia is added after the 
addition of the iodic acid, the liquid will remain colourless when the 
precipitation of iodine w.as due to other substances, whilst in the case 
of morphine a miieh more intense coloration is produced (Lefort 2). 

19. Neutral ferric chloride gives a fine dark blue coloration with 
concentrated neutral solutions of morphine salts. Free acids cause 
the coloration to disappear; excess of ferric chloride has also an 
influence on its sensitiveness. The addition of 0'2 c.c. of a 5 per cent, 
solution of ferric chloride is sufficient for the precipitation of O'Ol 

r Ze-iheh. awH. Chem., 35, 415 (1891?). 

* Ibid,, 1, 134. The reactions with silver nitrate (Horsley, Ibid., 7, 485) 
and copper oxide ammonia solution {Nadlcf, Ibid., 13, 235), which are applicable 
to the detection of morphine, also depend upon the reducing power of the 
alkaloid. « 
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grm. of morphine hydrochloride dissolved in 100 to 200 c.c. of water, 
t Using these proportions Dragendorff obtained the reaction with 
solutions containing as little as 1 part of morphine salt in 1000 to 1500 
parts of water. lU animal or vegetable extractive substances or 
acetates are present, the coloration becomes impure and less distinct. 
The sensitiveness, of the reaction is increased by adding a little 
potassium fcrricyanide, because this comjiound is reduced to potas¬ 
sium ferrocyanide, and cause.s the formation of Prussian blue,' while 
the morphine is oxidised to oxydimorphino (Kiefer, 0. Hesse). It 
is obvious that the reaction thus modified is only distinctivci of mor¬ 
phine in the absence of other substances with a reducing aotionl 
20. Of the (jcrwral prucipitution reaycnls, gold chloride, potassium 
bismuth iodide, and phosj)homolybdic acid give a turbidity or pre¬ 
cipitate with morphine sulphate, even in a dilution of 1 : 5000. The 
phosphomolybdio precipitate becomes dark blue with concentrated 
sulphuric acid, and, on heating, turns dark brown and reduces iodic 
acid {cf. 18). Potassium mercuric iodide, and piotassium cadmium 
iodide produce precipitates in solutions of 1 :1000. Tannic acid 
gives only a slight turbidity at this concentration, but at a higher 
concentration produces a white precipitate soluble in acids. In a 
dilution of 1 :100 picric acid produces a copious yellow precipitate, 
which dissolves on the addition of watei'. Mercuric chloride gives a 
crystalline precipitate, and platinum chloride a slight precipitate in 
solutions diluted to the same extent. 


Sjsc. 214. 

2. Cocaine, C 17 H 21 NO 4 . 

, /Ult'O.f'oHs) 

Ulctlif/l cslcr oj boizoylecyonine, C 7 llj(,N((.'Il 5 )<' 

\cOOCll3 

1. Cocaine occirrs in a.ssociation with several other allied alkaloids 
in the leaves of the South American tree Enjlhroxylon coca. It 
crystallises from an alcoholic solution treated with water in colourless 
transparent rods, melts at !)8°, and solidifies, on cooling, to a trans¬ 
parent, amorphous mass, which, after some time, becomes white and 
crystalline. Its taste is bitter, followed by a sensation of cold ; it 
produces local ana'sthe.sia, is atuj)cfying, and enlarges the pupil of the 
eye. According to W. Miiller,i it dissolves in 563 parts of water at 
about 20°, is readily soluble in<alcohol, in 42-2 parts of petroleum 
' AjKithch-rzty., 18, 208 and 20() (1903), 
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spirit, in 2’9 parts of ether saturated with water, in 1'7 parts of 
ethyl acetate, and (according to J. Schindelmeiser i) in 5 4 parts of» 
carbon tetrachloride. It rotates a beam of polarised light to the left: 
[“1 d = —Ih'l (in f 10 to 20 per cent, .solution iij chloroform). The 
Bojutions have an acid reaction. 

2. Cocaine dissolves readily in dilute acids, while it combines 
with them to form salts. t!ocaine hydrochloride is easily obtained in 
the form of crystals, which are stable in the air, have a very bitter 
taste, and a neutral reaction, and are soluble in water, alcohol, and 
chloroform, but insoluble in ether. On shaking a solution of cocaine 
in execss of dilute hydrochloric acid with ether, chloroform, petroleum 
spirit, or benzene, the cocaine is not dissolved by these solvents, but 
can be extracted by amyl alcohol. 

3. Potassium or sodium hydroxide produces in solutions of cocaine 
salts a white precipitate which gradually dissolves in excess of the 
precipitant. In like manner, ammonia produces a precipitate, 
which, however, is Ttiore apluble in exce.ss of the reagent. Ether 
extracts the cocaine from the ammoniacal solution on shaking, and 
petroleum s|)irit also extracts it readily. When the petroleum spirit 
extract is allowed to evaporate spontaneously the cocaine is left in 
the form of line needles. 

4. Potassium or sodium carhonate, added to solutions of cocaine 
salts, j)roduco3 amorphous white precipitates, which arc insoluble in 
excess of the precipitant: the}- become crystalline on standing for 
some time. On shaking the liquid containing the precipitate with 
ether, the cocaine is extracted. 

5. Potassium or sodium hydrogen earhonate produces no pre¬ 
cipitate in solutions of eocaiiu! salts in the cold. When the liquid 
is heated to boiling point a precipitate is formed, but re-dissolvcs 
on cooling. 

0. If cocaine is heated with concentrated hydrochloric acid, in a 
glass lube closed hy fusion, for 2 to 3 hours, in a water bath it is 
decomposed into benzoic arid, ccgnnine hydrochloride, and methyl 
alcohol (Losson *). The benzoic acid separates, on cooling, in crj’stals, 
if its amount is not too small. 

7. When cocaine is heated in a test-tube with concentrated 
sulphuric acid the same decomposition is effected. After cooling, 
needles of sublimed benzoic acid Will be found in the upper part of 
the test-tube, unless too small a quantity was used. If alcohol was 

• 

* Chem. Zeit., 25, 129 (1901); Zeiisch. anal. Chem., 41, 632. 

^ Ann. d. Chem., 183, 361. * 
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added prior to the heating, the characteristic odour of the ethyl 
tester of benzoic acid will be observed. This odour is also produced 
when cocaine is heated with alcoholic potassium hydroxide solution. 

8 . Cocaine dissQlvcs in concentrated sidphimCf acid to form a 
colourless liquid, in which no coloration is produced on the addition 
of a small amount of nitric acid, even after heating the sulphuric 
acid solution to about 150°. Nor docs sulphuric acid containing 
molybdio acid or sugar produce liquids with characteristic colora¬ 
tions. (Distinction from morphine.) 

9. Cocaine does not precipitate iodine from a dilute solution of 

iodic acid. (Distinction from morphine.) • 

10. When cocaine is dissolved in 0'5 to 1 c.c. of concentrated 
sulphuric acid, a quantity of potas.'iium or sodium iodalc equal to about 
three times that of the cocaine added, and the mixture gently heated 
on the water bath, the liquid first becomes yellow, and then shows 
pale grefen streaks. On continuing the heating the whole liquid 
becomes grass-green, then brown, and finally iodine vapour escapes. 
Vitali 1 also observed blue and violet colorations; the same result 
was also obtained by Dragendoi if and Gadamer, who used somewhat 
more iodate (a small granule with a trace of cocaine). 

11. On treating a solution of 0 0,") grm. of cocaine hydrochloride 
in 5 c.c. of water, drop by drop, with 5 per cent, chromic acid solution, 
or 10 per cent, potassium chromate solution, or 7 5 per cent, potas¬ 
sium dichromate solution, an orange-coloured precipitate of cocaine 
chromate Ls obtained; this re-dissolves immediately, but is re¬ 
precipitated on the addition of 1 c.c. of concentrated hydrochloric 
acid. 

12. When a few drops of a cocaine solution arc mixed with 2 to 
3 c.c. of chlorine water, and a few drops of a 5 per cent, solution of 
paUadous chloride are added, a fine red precipitate i.s produced 
(Greitherr). 

13. Stannous chloride produces a compact white caseous pre¬ 

cipitate, soluble in nitric acid, in concentrated solutions of cocaine 
salts (Noemann). » 

14. When approximately equal parts of cocaine and mercurous 
chloride are ground up together, and the mixture moistened by 
breathing upon it, it turns black, owing to the separation of metallic 
mercury (Schell,2 Schneider 2). " 


* ZeiUch. annl. Chtm., 80, 205 (1891). 
= im., 30, 204 (1891). 

= Ihid., 42, 200 (1903). 
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15. On treating a solution of a cocaine salt with mercuric chloride 
there is produced a white precipitate, which is soluble in hydrochloric • 
acid, ammonium chloride solution, and alcohol (Niemann), 

16. Tannic aci^ produces a precipitate in sphitions of cocaine 
wl^ich have been treated with hydrochloric acid. The yellowish 
jirecipitate which ftrst separates becomes agglomerated into a resin- 
like mass on standing for some time, and immediately when shaken 
(Niemann). 

17. The general precipitation reagents will detect the following 
amounts^of cocaine hydrochloride in aqueous solution: Potassium 
merciH'ic iodide, 1 : 160,(XW ; iodine in potassium iodide solution, 

1 :100,000 ; pho,sphomolybdic Hcid, 1 : 50,000 ; and picric acid, 

1 :1400 to 1,500.1 

18. Nearly all the above-mentioned reactions are not very 
characteristic. Hence, a.s a rule, a physiological test must also be 
used for the detection of cocaine. 'I'he microcbemical reactions will 
also be found of value. Qf these mention may be made of the 
following : Auric cldoiide produces forked and crossed needles in 
dilute solutions (1 : 1000), and yellow extended dendritic and H- 
shaj)cd crystals in concentrated solutions. The limit of sensitiveness 
is O'OUOOS mgrm. (Behrens). With ^-naphthilcne sulphonic acid 
colourless thin prisms, usually extended hexagons, are obtained in a 
few minutes. This is le.ss sensitive (A. Grutterink 2). On introducing 
a drop of a 1 per cent, potassium permanganate, solution into the 
middle of a drop of a cocaine .solution, and observing it w'ithout a 
cover-glass under a low magnification, there will be seen after five 
minutes at the margin of the liquid small finger-shaped or hand- 
shaped formations, together with numerous globules, which fre¬ 
quently unite with several others. The limit of sensitiveness is 
O'l mgrm. (Giesel,^ E. Senft^). 


Sec. 215. 

Summary and Remarhs on Non-Volatrle Alkaloids (Group I.). 

Morphine and cocaine may be distinguished by many reactions, 
of which those given in Sec. 213, 7, 9, 10, 11, 12, 16, 18, and 19 are 
particularly important for morphine, and those in Sec. 214, 6, 7, 10, 

r Colour reactions for cocaine have also been desoribod by 0. Heichard 
(Chemikerztg., 28, 299 (1904); Phann. Ztg., 61, 168, 691 (1906). 

® Zeitseh, anoL Chem., 61, 208 (1912). • 

= Ibid., 47, 447 (1908). 

Zeitsek. Vnters. Nahr. (Jemtss., 7, .346 (1904) 
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and 14 for cocaine. Both alkaloids may be separated by rendering 
•the solution of their salts just alkaline with ammonia, and shaking 
it with petroleum spirit, which will extract the cocaine and leave 
the morphine. evaporating the petroleum ^^irit, a residue of 
morphine is left. 

Second Group. 

Non-volatile alkaloids which are precipitated by potassium hy¬ 
droxide from solutions of their salts, and are not re-dissolved 
on the addition of a considerable excess of the prepipitant, 
and which are precipitated by sodium hydrogen carbonate 
from acid solutions, if these are not more dilute than 1 : ICO. 

Narcotine, Quinine, Cinchonine. 

Sec. 216. 

1. Narcotine, C 22 H 23 NO 7 . 

Cil-C»He(OCH3)N.CH2 

('0112(00113)2' I y/\o 

COO 

OHj 

1. Narcoline occuis, together with morphine, etc. (ef. Sec. 216, 1), 
in opium. Crystalli-sod narcotinc is msually in the form of colourles.s, 
lustrous, straight, rhombic rods, or (when precipitated by alkalis) a 
loose white crystalline jiowdcr. It melts at 176". 'I'hc solid alkaloid 
is tasteless, and is much le.ss poisonous than morphine. It is soluble 
in 10,(XX) jjarts of water at l.b", in 5CXXJ parts of petroleum spirit, in 
415 parts of amyl alcohol, in 190 parts of alcohol, in 170 parts of 
ether, in 31 parts of ethyl acetate, in 22 parts of benzene, and in 
4 parts of chloroform (M. Scholtz.i Dieterich 2). Litmus and other 
vegetable colouring matters are not changed by solutions of narcotine. 
The free alkaloid rotates a beam of polarised light to the left: 
[a]B=—207'4° (in chloroform solution). The solutions of the salts 
have a dextro-rotation. 

2. Narcotine is a weak base. It dissolves readily in acids, and 
combines with them to form sails. These always show an acid 
reaction. The salts containing weak acids arc decomposed on treat¬ 
ment with much water, and also 'on evaporating their solutions, if 
the acids are volatile. Most of them are uncrystallisable and are 

f 

‘ Arch. d. I’harm., 250, 418 (1912). 

* Pharm. ZerUralh., 28, 481 (1887). 



SEO. 216 


NABOOTINE 


877 


soluble in water, alcobol, and ether ; they have a bitter taste. Nar¬ 
cotine is insoluble in water slightly acidified with acetic acid, i.e. * 
containing not more than 3 or 4 drops of the acid in 2 c.c. On 
shaking solutions jof narcotine salts with chlorc^form the narcotine 
is extracted by the latter, even wlien the solutions contain free acid 
(Dragendorlf). Ether has an analogous although weaker action 
(R. Otto 1). Benzene, amyl alcohol, and petroleum spirit do not 
extract narcotine from acid solutions. 

3. Alkali hydroxides, carbonates, and hydroyen carbonates pre¬ 
cipitate jiarcotine immediately from solutions of narcotine salts as a 
white* powder, which may be seen, under a niagnification of 100 
diameters, to consist of an aggregate of small needle-shaped crystals. 
The precipitate is insoluble in excess of the precipitant. On treat¬ 
ing a solution of a narcotine salt with ammonia, and then shaking it 
with not too small a quantity of ether, two clear layers are obtained, 
the .separated alkaloid having been dissolved by the ether. When a 
drop of the ethereal solution is allowed to evaporate on a glass slide, 
and the residue examined under a magnification of 100 diameters, it 
will be seen to consist of well-defined long crystals, some of which 
arc pointed. 

4. Hot nitric acid of sp. gr. 1‘4 dissolves narcotine to form a 
reddish-yellow solution, while nitrous acid fumes are evolved. When 
the solution is heated there is a further evolution of nitrous acid 
fumes, and the liquid becomes yellow. 

5. Concentrated sulphuric acid dissolves narcotine to form a 
solution, the colour of which is greenish-yellow, but soon becomes 
pure yellow; after some days the liquid assumes a raspberry-red 
coloration (Dragendorlf). When carefully heated in a porcelain 
basin the solution becomes first orange-yellow, then shows bluish- 
violet or sometimes purple-blue streaks extending from the margins, 
and finally an impure reddish-violet coloration is produced at the 
temperature at which the sulphuric acid begins to escape. If the 
heating was stopped prior to this point, the solution, on cooling, 
slowly assumes a delicate cherry-red coloration. The blue colora¬ 
tion is still very distinct when the sulphuric acid contains 1 part in 
2000 of the alkaloid ; in the presence of a smaller proportion a soft 
crimson coloration is obtained instead of the blue coloration (A. 
Husemann). The red and subscqhent violet colour of the sulphuric 
acid solution is also produced when the narootine is dissolved in 
dilute (1 :5) sulphuric acid, the countless solution evaporated very 

‘ Arch. d. Pharm., 234, 317, , 
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g^radually over a small flame, and the heating of the residue continued 
very cautiously. This is a particularly sensitive method of applying 
the test (Dragendorff). On treating the liquid which has become 
violet w'ith a sufiV-ient quantity of alcoholic pqtassium hydroxide 
solution there is obtained an orange-rod coloration, which becosics 
yellow on the addition of water (Arnold l). 

6. On adding a very small quantity (a trace to a drop) of dilute 
nitric acid to a solution of narcotino in concentrated sulphuric acid » 
prepared in the cold, the liquid becomes at first almost brown, but 
soon changes to red, which becomes increasingly intense (Oouerbe). 
According to Dragendorff the sensitiveness of the reaction increases 
when the solution of narcotine in sulphuric acid is allowed to stand 
for one or two hours prior to the addition of the nitric acid. This 
reaction is produced when narcotinc i.s dissolved in Erdmann’s 
reagent. The latter is prepared by mixing 6 drops of nitric acid of 
sp. gr. T2.') with 100 c.c. of water, and causing 10 drops of this solu¬ 
tion to fall on to 20 grms. of pure concentrated sulphuric acid. 

7. The addition of sodium hiipochlorile to a solution of narcotino 
in concentrated sulphuric acid, wliich has been heated to l.')0°, causes 
a crimson coloration to appear (A. Ifusemann). 

8. If a solution of narcotinc in concentrated sulphuric acid is 
heated until a red coloration appears (to about IdO”), and then 
cooled and treated with ferric chloride, tlie portions of the liquid 
which are in immediate contact with the added drops of ferric 
chloride solution soon appear red, with more or less pronounced pale 
violet edges; after 10 to l-'i minutes a fairly stable cherry-red 
coloration is produced (A. Husemann).^ 

9. On treating a solution of a narcotine salt with chlorine water 
it becomes yellow with a greenish tint, and on then adding ammonia 
an intensely coloured yellowish-red liquid is obtained. 

10. When narcotine or one of its compounds is dissolved in excess 
of dilute sulphuric acid, and the solution treated with a little 
powdered manganese dioxide, boiled for a few minutes, and filtered, 
a filtrate is obtained from which narcotinc is not precipitated by 
ammonia. The alkaloid has been converted through the absorption 
of oxygen into opianic acid and cotarnine (Wohler 3). 

11. Meche’s reagent (Sec. 213, 9) gives a greenish-blue, and subse¬ 
quently a cherry-red, coloration vvith narcotine in the cold. 

' Arch. d. PhaHn., 220, 663 (1882). 

* Zeitach. anal. Chem., 8, 162. 

* Ann. d. Vhem., 60, 1. 
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12 . Frohde's reagent (containing 0 006 grm. of sodium molybdate 
in 1 c.c. of sulphuric acid) dissolves narcotine to form a green solu-* 
tion. If the solution contains 01 grm. of sodium molybdate in 
1 c.c. of sulphuric acid, the green colour soon changes into a fine 
clicrry-red coloration (Dragendorff). 

13 . A solution of ammonium vanadate in concentrated sul¬ 
phuric acid (1 :100 to 200 ) dissolves narcotine to form a solution 
which is first vermilion red, then reddish-brown, and finally a gradu¬ 
ally intensifying carmine-red (Mandelin). 

It. On heating 2 to 10 mgrms. of narcotino with 20 drops of pure 
concehtrated sxdghiric acid and jme or two drops of a 1 per cent, 
solution of cane, sugar for a minute on the boiling water bath, with 
continual stirring, the greenish-yellow solution first formed changes 
first to yellow, then to brown, and finally to deep bluish-violet. 
The colour gradually intensifies on standing, and remains unchanged 
for several hours. If an a(jueou3 solution of furfural is used, instead 
of the cane sugar solution; an intense deep blue coloration is pro¬ 
duced on heating, and this gradually changes to green when the 
liquid is allowed to stand (A. Wangerin i). 

15. Tannic acid does not produce a precipitate, or at most only a 
turbidity, in solutions of narcotine salts. On adding a drop of 
hydrochloric acid to the solution a precipitate is formed. This 
dissolves when the liquid is heated, but reappears when it cools. 
The precipitate is only slightly soluble in hydrochloric acid. 

16. Of the general precipitation reagents the most sensitive for 
narcotine arc iodine in potassium iodide solution (1 : 50,000), potas¬ 
sium mercuric iodide (1 : 50,000), potassium bismuth iodide, and 
phosphomolybdic acid (OragcndorlT 2 ). 

Sec. 217. 

2. Quinine, O20H24N2O2. 

Methoxycinchonine, C 9 ll 5 (OfTT 3 )N—CTI(OH)—CVHufCH : CH 2 )N. 

1. Quinine occurs in association with cinchonine and about 20 
other bases in genuine cinchona bark derived from various species of 
the family cinchona. Crystallised quinine, C 20 H 24 N 2 O 2 . 3 H 2 O, is 
known either in the form of fine lijstrous silken needles, often united 
into bunches, and readily disintegrating on exposure to the air, or as a 

> ZeiUch. anal. CUm., «, 267 (1907). • 

“ Colour reactions for narcotiiie have also been describod by C. Reiobard 
(PAarm. 48, 44 (107) ; Zeitsch. anal. Chem., r 
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bulky white powder. Quinine free from water of crystallisation can 
Cftlso be obtained in lustrous silken acicular crystals. Quinine, con¬ 
taining water of crystallisation, is soluble in 1650 parts of water, and 
the anhydrous alkaloid in 1960 parts at 15°, and i^fore readily in hot 
water (Hesse). It dis.solves in 22-6 parts of ether, in 1'9 parts,of 
chloroform, and in 11 parts of alcohol (Regnauld); it dissolves with 
difficulty in benzene, and with very grc<at difficulty in petroleum 
spirit. It is laevo-rotatory : [a]n= —158'2‘’ (for the anhydrous base 
dissolved in absolute alcohol). It is only slightly poisonous, and has 
a bitter taste; its solutions show an alkaline reaction.i Cry¬ 
stallised quinine loses its water at 100°; it melts at 57°,' and re¬ 
solidifies after it has parted with its' water. 

2. Acids neutralise quinine completely. 'I'wo scries of sails arc 
formed, containing respectively 1 and 2 molecules of water to 1 
molecule of quinine (formerly termed neutral and acid salts). Most 
of the mono-acid salts are crystallisable, dissolve with difficulty in 
cold, but more readily in hot, water, aiul,also in alcohol, and have a 
very bitter taste. 

The di-acid salts dissolve very readily in water. The solutions 
which contain oxygenated acids, and cs])ecially those in which 
sulphuric acid predominates, show a bluish fluorescence. If a cone 
of light is introduced into them by means of a lens from the side or 
from above it appears blue, even in the case of very dilute solutions 
(A. TTuckigci'). 

3. Polasshim and sodium It/droxido, ammonia, and the a'kali 
carbonates precipitate from solui ions of quinine salts which are not 
too dilute, quinine containing water of crystalbsation as a bulky 
white powder, which, when examined under the microscope im¬ 
mediately after the precipitation, appears amoqjhous and o))aque, 
but after some time forms an aggregate of needle-shaped crystals. 
The precipitate is only slightly soluble in excess of potas.sium or 
sodium hydroxide .solution (lcs,s readily than in water), and is less 
soluble in potassium hydroxide than in sodium hydroxide solution 
F. Sestini), but more .soluble in ammonia solution. According to 
W. Duncan,2 however, the .solubility of quinine in ammonia solution 
is only apparent, and it soon separates again in crystals on standing. 
It is also only soluble to a slight extent in jiotassium or sodium 
carbonate solutions. Ammonium- chloride increases the solubility 

> For its behaviour towards differf,iit indicators, cf. A. H. Allen, Analyst, 21 
86, and J. Larrouturron, Zeitsch. anal. Cltem., 49,132. 

“ Zeilschi.anal, Chem., 49,391 (1909). 
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in water. If a solution of a quinine salt is treated with ammonia 
and shaken with ether (containing about 2 per cent, of alcohol) the, 
jjrecipitate disappears, and two cleat layers of liquid are formed. 
(Essential distinction from cinchonine, which in ,this way may be 
readily detected iA the ju'escnce of quinine, and separated therefrom.) 

1. If jiolassium hydri>.ridc is fu.siul after the addition of a drop 
of water, an alcoholic solution of quinine added to the still warm 
mass, and the mixture carefully heated to evaporate the alcohol, 
the mass assumes a iino green coloration. (Essential distinction from 
nearly all other alkaloids, but not from quinidine.) Cinchonine, 
cinchonidine, and cocaine show a similar but not the same coloration 
(W. Lcnz). * 

5. Sodium h-ydroifen eurhutude jjroduces a white precipitate both 
in neutral and in acid solutions. If acid solutions arc diluted to 
such an extent that they contain 1 jiart of quinine to 100 parts of 
liquid, the precipitate is formed immediately ; in the proportion of 
1 : 150 it sejiarates after 1 Jo 2 hours in the form of distinct needles 
united in groups. 'J'he precipitate is not completely insoluble in 
the precipitant, and hence the less the excess of the latter the more 
complete is the separation ; the precipitate contains carbonic acid. 

0. Quinine is dissolved by eunccnlnttcd nitric acid to form a 
colourless solution, which has a bluish fluorescence, and, when 
heated, becomes )’cllow. 

7. Concentnited sulphuric iirtd dissolves juire (piinine or pure 
quinine compounds, forming a colourless or slightly jellow .solution ; 
on warming the, liquid the 3udlow coloration increases in intensit}', 
and on continuing the heating the solulion becomes brown, hiiil- 
phuric acid containing nitric acid (Erdmann’s reagent, if. Sec. 2I(), 
6) dissolves quinine to form a colourless or faint yellow solution. 

8. A solution of ainmoniuin cunadate in cuncentraled sul]ihuric acid 
(1 : 100) when treated with quinine soon becomes brownish-green, 
but after about 5 minutes the colour changes to a permanent pure 
green. 

9. When a solution of a quinine salt is treated with strong 
chlorine water (about | volume) little if any coloration is jiroduced, 
but on then adding excess of ammonia solution an intense emerald- 
green solution is obtained. This characteristic reaction (thalleio- 
quin reaction) is obtained in a dilution of 1 : 2500, or, according to 
Fluckiger,! even in a dilution of 1 :4000 to 1 : 5000, if one-tenth 
volume of chlorine water is added #0 the solution, without shakmg, 

^ ZeUsch, ami. Cluiin., 11, 318. , 

56 
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and then a tew drops of ammonia solution, and the test-tube gently 
fshaken. 

If bromine water is used instead of chlorine water, the sensitiveness 
of the reaction is still greater, but an excess or deficiency of bromine 
interferes with the result to a greater extent than in the case of 
chlorine. Loger i recommends the addition of 1 c.c. of about O’OS 
per cent, bromine water to 10 ('..c. of a (piinine solution, the reagent 
being prepared by mixing e(jual parts of a saturated aqueous solution 
of bromine and of water. If a layer of ammonia solution is poured 
on to the mixture containing the quinine there is immediately 
produced at the zone of contact a green ring, and below it a rcd.ring, 
while the liquid beneath remains yellow. The sensitiveness of this 
reaction can be increased to 1 : 20,(XX) by mixing 10 c.c. of a solution 
of quinine with a drop of saturated bromine water, and carefully 
allowing a drop of ammonia solution to fall on to the surface ; this 
causes a green rmg about 1 cm. in depth to bo formed over the 
colourle.s8 liquid.^ 

Morphine inhibits the thalleioquin reaction (Stuart'*), as do also 
caffeine and antipyrine, the former when present in the proportion 
of r5 parts and the latter of 3 parts to 1 jiart of quinine.^ if pyra- 
midone is present, even in small amount, with the quinine the thalleio¬ 
quin reaction is red instead of green.^ 

10. If in the thalleioquin reaction a little potassium ferro- 
cyamde solution is added after the chlorine w'atcr, and then a few 
drops of ammonia solution (or another alkali), the liquid becomes a 
fine deep red (erythroquin reaction). 'I’he colour soon changes to 
dirty brown. On adding an acid, preferably acetic acid, to the red 
liquid, the colour disappears, but i.s reproduced on the cautious 
addition of ammonia solution (0. Ifivonius, A. Vogel'*). J. Aben- 
sour ’’ treats 10 c.c. of the slightly acidified aijueous solution of 
quinine with one drop each of semi-saturated bromine water, 10 ]ier 
cent, potassium fcrrocyanidc solution, and 10 2)er cent, aiumonia 
solution. On shaking this mi.xturc with chloroform a jiiiik to red 
coloration is obtained, according to the quantity of quinine. 

* Zeitch. ami. Chan., 44, B78 (1906). 

® Polacci {Zeitsch. ami. Chem.. 40, 60 (1901)) dcsoribes a modification of llio 
thalleioquin reaction, in which lead peroxide is used instead of chlorine or 
bromine water. 

^ Phirm. Zevlralh., 23, 312 (1882). 

' A. Bclohoubok and Sedlecky, Zeitsch. anal. C'hem., 35, 236 (1896). 

‘‘ C. Mannioh and L. Schwedes, Jbii., 82, 64 (1913). 

“ Ibid., 28, 78 (1884). 

’ Ibid., 4j, 133 (1910). 
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11. On dissolving quinine in a little acetic acid, and adding 
alcohol and then alcoholic iodine solution (prepared by dissolving j 
1 part of iodine in 1 part of 50 per cent, hydriodic acid, 50 parts of 
70 per cent, alcohol, and 0'8 part of sulphuric acid), in sufficient 
quantity to rendeJ the liquid brownish-yellow, there separates, after 
a Short time, an arid poriodide-quiniiie iodide sulphate {hcrapulhite), 
4C2oH24N20j;.3H2804.2HI.l4. According to the conditions this 
appears in the liquid as a crystalline blackish pow'der, or as largo 
hexagonal or octagonal crystalline flakes, which by transmitted 
light appear only pale olive-green, but by reflected light are bright 
green, \v!th a metallic lu.strc. In jjolarised light they appear green 
or red, according to the position*of the axis (Horapath i). 'I'liin iv a 
veri) characleriilic rcaclion, which, when vhnerved with the jjoUirisation 
microscope, is also very sensUive. 

12. Tannic acid produces a white precipitate in aqueous solu¬ 
tions of quinine .salts, even when voiy dilute. 'J'he precipitate is 
caseous and agglomerates when heated. It is soluble in acetic acid 
and in a small quantity of hydren hloric acid, but is precipitated on 
the addition of a furtlnu' (piantity of that acid. 

13. The general precipitation reagents behave as follow.s : iodine 
in potassium iodide solution give.s a reaction with solutions con¬ 
taining 1 : 2(X),0()0 ; potassium bismuth iodide with one containing 
1 :150,001); and potassium incrcni ic iodide with one of 1 ; 100,000. 
Phosphomolybdic acid, phosphotungstie acid, and picric acid are also 
sensitive reagents. 

14. With regard to the inicrochcinicul reactions of quinine, see the 
communications of A. Grutterink.- 

8ec. 218. 

3. Cinchonine, C19H22N2O. 

C'slIoN—CII(O 11 )- 07 Hh(CH : CHolN. 

1. Cinchonine, which occurs with quinine and other bases in 
true cinchona bark, is known either .as colourless lustrous rhombic 
crystals, or line white needles, or (when obtained by precipitation 
from concentrated solutions) as a bulky powder. It is tasteless at 
first, but subsequently develop!^ a bitter flavour. One part of 
cinchonine dissolves in 307d parts of water at 20°, and more readily 

> Phil. Mttg., (4) 3,101 ; 4, 180 ; *J. priiH. Chem., 61, 87 (1864). 

* Zeitsch. anal, them., 51, 215 (Ii)12). 
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in boiling water, in 371 parts of ether at 20“ (according to other 
^authorities a larger quantity is required), and in 120 parts of alcohol 
(78 per cent, by weight) at 20“ (Hesse i). In the case of chloroform 
absolutely free froip alcohol 350 parts are required for the solution at 
17°, whilst mixtures of chloroform and alcohol dissolve cinchonine 
much more readily than chlorolorm, and, undertsomo conditions, 
than pure alcohol (Oudemans^). Benzene di.ssblves amorphous 
cinchonine readily in the cold, but the crystalline alkaloid with more 
difficulty. On heating the liquid, the crystalline cinchonine is also 
dissolved, but .separates again alnio.st completely when thi! solution 
cools. Petroleum s)jirit di.ssolvc.s only slight traces of freshly^ pre¬ 
cipitated amorphous cinchonine (l)fageudoril). The solutions have 
a bitter taste and an alkaline reaction. Cinchonine is dextro-rota¬ 
tory ; in alcoholic solution it has [a]n=-|-223" and in chloroform 
solution-)-213'' (Oudemans 3). 

2. On healing cinchonine canfiilh/ it begins to sublime below ils 
melting point at about 200“, enntting a characteiistic odour, and 
producing white fumes. When heated in a current of hydrogen it 
forms long lustrous prisms (lllasiwetz). When j-apidly heated it 
melts at 268'8“, and at a considerably lower temperature when slowly 
heated (owing to inci[iient decom)iosltion). 

3. Cinchonine is a strong ba.s('; it liberates ainnionia from boiling 
solutions of ammonium salts (lles.se'*). Bike quinine, it combines 
with acids to form two .senes ol sails. The .sails have a bitter taste ; 
mo.st of them are crystidhsable ; as a rule they are more soluble 
than the corresjionding quinine s.ilts. They are insoluble, or nearly 
so, in ether and chloroform. 'I’lie solutions id the salts do not show 
fluorescence. (E.ssential distinction from quinine, salts.) 

4. Potassiion aial sinhiiin /o/i/ro.iii/c.s, anunoma and alkali, cat- 
honates precipitat.e cinchonine as a liulkw' white powdei from solutions 
of its salts. The precipitate is insoluble in excess of the precijiitant. 
If the solution was concentrated Ijie jnecipitate appears only in¬ 
distinctly crystalline, even under a magnilication of 21 tO diameters, 
but if it was so dilute that the precipit.ate only lormeil after standing 
for some hours, it i.s seen under the microscojie to consist of needles 
united into star-formed bunches. 

5. When cinchonine is fii.sed with pnta.'S.iiiim lnjdivxidc, as was 
described in the case of quinine (Bee. 217, 4), the projecting pointt 

* Ann. d. Claw., 122, 22(i. 

s Ihid., 168' 75. 

■’ Ihid., 182, 44. 

' Ihid., 166, 2,77. 
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of the solidified fused mass become first reddish-brown to violet- 
blue, and the margins grey, whilst subsequently the mass becomes* 
bluish-green and develops a somewhat jienetrating odour (W. Lenz). 

6. Sodium or mlaasium hydroxide, added to trffcutral or acidified 
solutions of cinchmine salts, precipitates cinchonine in tlie form de¬ 
scribed in 4, but not so completely as do the corresponding carbonates. 
Even in the case of solutions which contain 1 part of cinchonine to 
20l parts of watcr+acid, the iirecipitate is formed immediately; 
its amount increases on standing. 

7. Cinchonine is dissolved by conmilroted sidjdiuric acid to form 
a colourless solution, which becqmcs blown and finally black when 
heated. After the addition of a little nitric ncul the solution still 
remains colourle.ss, but, on heating, be(‘ome.s .successively yellowish- 
brown, brown, and black. 

8. A solution of ammonium ranadalc in concentrated nnlythuric acid 
(1 : loti) at first shows no change on the addition of cinchonine, but 
very gradually assumes a jitrinanent bluish-green coloration. 

!l. On treating a .solution of a cinchonine salt with chlorine water 
no coloration is produced, but on adding ammonia a yellowish-white 
precipitate is formed. Hence cinchonine does not give, a thallcio- 
iptiu reaction.: nor does it give an erythroi/iein reaction (Sec. 223, 10). 
On the other hand, it yields a ciiuhonine heraiiathite, analogous to 
the compound formed by quinine (8ec. 217. 11). 

10. On treating a solution of a cinchonine .salt, containing at most 
only a .slight trace of free acid, with potassium ferrocyanidc, a floceu- 
lent precipitate of cinchonine h 3 -droferrocyanide, th 9 H 22 ^’^ 2 *hH 4 Ee,’'- 
(0N)8.2Il2O, is produced. On adding an e.vcess of the preci|)itant, 
and heating the liquid very gradually, the preci|iitate dissolves, 
but separates again, on cooling, in lustrous golden-yellow flakes or 
long needles, which are frequently united in the shajie of a fan. On 
treating a solution of cinchonine hydrochloride with })otas.sitim ferri- 
cyanide, pointed lemon-jajllow crj'stals of cinchonine hydroferri- 
cyanide, 0 j 9 H 22 N 2 O.ll 3 Ec"'( 0 N)e. 21 l 2 O, are formed (Ch. Hollfus,! 
Bill,2 ScligsohnS). Both reactions may be used lor the micro- 
chemical detection of the alkaloid (A. Gruttcrink^). 

11. Tannic acid gives a white floceulent precipitate with aqueous 
solutions of cinchonine. The precipitate is soluble in acetic acid and 

^ Ann. d. Ghcm., 66, 212. 

‘ J. PraU. Chem., 75, t84 (1858). 

” Chem. Zentr., 1861, 231. 

* Zeitsch. nnot. (them., 61, 222 (1912). 
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^also in a little hydrocliloric acid, but is re-precipitated on the addition 
of more hydrochloric acid. 

12. Cinchonine is detected by some of the general precipitation 
reagents in more dilute solutions than any other alkaloid. Potassium 
mercuric iodide still produces an opalescence in a bolution dilutedto 
1 : 600,000 ; iodine in potas.sium iodide solution i'ives a precipitate 
with a solution of 1 : 500,000 ; and phosphomolybdic acid and potas¬ 
sium iodide give a distinct turbidity with a solution of 1 : 200,000. 
Tannic acid only gives gradually a faint turbidity at 1: 40,000 ; 
mercuric chloride at 1 :10,000 ; and platinum chloride at 1 *. 5(X1. 

13. With regard to the microclicmieal thieclinn, see the communi¬ 
cations of Hesse,1 Behrens ^ and Grutterink.^ 


Summary and llemnrhi on Nim-Volalile Alkaloids (Group II.) 

Sec. 219. 

Narcotine may be separated fro)n quinine and cinchonine by 
repeatedly shaking the acidified .solution with chloroform. If the 
aqueous layer is separated from the chloroform and treated with 
ammonia and ether containing about 2 per cent, of alcohol, the 
cinchonine separates, whilst the quinine is obtained in the ethereal 
solution. On evaporating the chloroform solution the, narcotine is 
obtained, and the quinine by evaporating the ethereal solution. 
Further tests may readily be applied to the separated alkaloids by 
means of the reactions described above. 

If it is a question not merely of separating quinine and cinchonine 
from one another, but also of differentiating them from the other 
alkaloids occurring in cinchona bark—quinidine (optically isomeric 
with quinine), cinchonidine (optically isomeric with (finchoninc), etc.— 
the test with ammonia solution and ether is not sufficient. Methods 
for the separation and differentiation of the,so alkaloids have been 
given by van der Burg,^ H. Hager,'’ Hesse,® do Vrij,’ Heilbig,® H. 
Behrens,* G. Deniges,'* and others. 

• Ann. d, Chem., 181, 48, 63. 

» Chem. Zentr., 1894,11., 106 ; Zeitsch. and. Chem., 43, 363 (1904). 

® Zeilech. anal. Chem., 61, 222 (1912). 

• Ibid., 4, 273 (1806). 

« Ibid., 8, 477 (1869); Pharm. Zenli-alh., 21, 411 (1880). 

» Zeitech. anal Chem., 11, 328 (1872 ); 28,219; Ann. d. Chem., 276, 88.126. 

r Zeitsch. and. Chem., 12, 320 (1873). 

» Ibid., 20 144 (1881) j 28, 120 (l889). 

• md., 48, 363 (1904). 

"> Phard. Ztg., 54, 967 (1909). 
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Third Group. ^ 

Non-volatile alkaloids which are precipitated by potassium hy¬ 
droxide from solutions of their salts, an^,are not soluble to 
any materi: 1 extent in excess of the precipitant,^ but are not 
precipitated from acid solutions, even when fairly concen¬ 
trated, by alkali hydrogen carbonates. 

Strychnine, Brucine, Veratrine, Atropine. 


Sec. 220. 

1 . StrycluSne, C‘2iH22N2<*-2- 

1. Slnjohninc oocui's, in association with l)nicine, in different 
species of Slnjch?ws, and especially in nnx vomica (tlie seeds of StrycJi- 
non nuj- vomica) and in St. Ignatius beans (the seeds of Slryc/inos 
If/natii). It is known eitlier in the ffirm of lustrous white rhombic 
rods or (when sejiarat.eif hy precipitation or rapid evaporation) 
as a white jiowder. Strj-chninc lias an alkaline reaction, and an 
intensely bitter taste, which is perceptible, in a dilution of more than 
1 : 40,(XX). It is one, of the most deadly poisons ; the most impor¬ 
tant system is the occurrence of tetanic sjiasms. One part of strych¬ 
nine dissolves in 6ti(X) ]iarts of cold and 2.hU0 parts of boiling water, 
in 1250 parts of ether (containing water), in 180 parts of amyl alcohol, 
in 165 parts of benzene, in 160 parts of cold and 12 parts of boiling 
90 per cent, alcohol, and in 6 parts of chloroform (M. Schultz 2). It 
is nearly insoluble in absolute alcohol, absolute ether, and petroleum 
spirit. It is lievo-rotatory ; [a]n= —HI T" (in alcoholic solution). 
\^en heated, it can hardly be melted without dcconujosition. When 
cautiously heated, it can be sublimed unchanged in small quantities 
(Helwig 3). 

2. Strychnine is a mono-acid base. It combines with acids to 
form salts, which as a rule crystallise well, and most of which are 
soluble in water and dilute alcohol, but are insoluble in ether, chloro¬ 
form, amyl alcohol, and benzene. All have an intensely bitter taste, 
and are extremely poisonous. On treating concentrated aqueous 
solutions with small amounts of acid a portion of the salt separates, 
but the precipitate re-dissolves qp'the’addition of more acid (Hanriot 
and Blarez). 

‘ With regard to atrojsiao, cf. also Sec. 223» 4. 

* Arch. d. Pharm., 250, 418 (1912). 

* Zeitsck, aruU. Chem.t 3, Id '864). 
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3. Potassium and sodium hydroxides and sodium carbonate produce 
•White precipitates in solutions of the salts. The precipitate (strych¬ 
nine) is insoluble in excess of the precipitant, and appears under a 
magnification of IflO diameters as an aggregate of needle-shaped 
crystals ; in the case of dilute solutions it is only 1 irmed after some 
time, and can then be seen even by the naked iye to consist of 
needles. 

4. Ammonia produces a precipitate of the same composition hs 
that formed by potassium hydroxide. This precipitate is soluble in 
excess of the precipitant. After a short time, however (a ccinsider- 
able time in the case of very dilute solutions), the strychnine seiiafatcs 
in .scicular crystals, easily recognisabte by the naked eye. 

;■). On treating a neulnd solution of a strychnine salt with sodium 
hydrogen carbonate strychnine is precipitated after a short time in 
the form of fine needles. The precipitate is insoluble in excess of 
the precipitant. If, however, a drop of acid is added (so little that 
the liquid still remaiiLs alk.alinc), the precipitate which was formed 
readily dmolves, owing to the action of the liberated carbon dioxide. 
When an rtciVZ .solution of strychnine is treated with sodium hydrogen 
carbonate no precipitate is formed. Only after 24 hours, or longer, 
does the strychnine crystallise from the solution in well-defined 
prisms, in proportion as the carhon dioxide escajies. If a solution 
is boiled for some time with excess of sodium hydrogen carbonate, 
a precipitate is produced, iinmcdiatcdy when the solution was 
concentrated, or only after concentration when it was diluf.e, 

0. Strychnine or a strychnine salt dissolves in concentrate.d 
nitric acid (sp. gr. lA) to form a colourless solution, which becoiucs 
yellow on heating. If a small quantity of jiowdered potassium 
chlorate is added to a solutioir prepared in the cold, the liquid a.ssumes 
a fine purple-red coloration. When evaporatc'd with nitric acid 
strychnine leaves a yellow residue, which hecomes orange-yellow on 
treatment with ammonia, and is changed to reddish-violet hy aqueous 
or alcoholic potassium hydroxide solution (h’ormanck t). 

7. If a little strychnine is brought into contact with a few drops 
of a solution of ammonium vanadate in concentrated sulphuric 
acid (1:100) on a clock-glass, the mixture allowed to stand until it 
becomes of a dark colour, and the clock-glass then slightly inclined, 
there will be observed at the momAit when the vanadium sulphuric 
acid flows away from the residue a beautiful characteristic blue 
coloration, which soon changes fro a violet and subsequently to a 
‘ Zeitsek. anal. Ohem., 88, 409 (1897). 
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bright red to reddish-yellow coloration. If the acid is treated with 
pota.s3ium or sodium hydroxide solution as soon as the vermilion-red» 
coloration, appears, a j)crmanent pink to purple-rod coloration will 
be produced, and will become still finer on diluting the liquid with, 
water. The blue foloration is still distinctly visible in the j)re3ence 
of O'OOl mgrm. oljstrychnine. The reaction is not influenced by the 
simultaneous prejence of other alkaloids, or at all events to a le.ss 
eAent than the following reactions (.Mandolin i) :— 

8. On adding a little strj'chnine to a few drops of pure con- 
Centllatfd sulphuric acid in a jiorcelain dish a colourless solution is 
formbd. But if a small amount of an oxidising agent (potassium 
chromate, potassium permanganate, potassium ferricyanide, lead 
[leroxide, mangane.se dioxide), preferably in solid form (for dilution 
is disadvantageous), there is produced a fine bluish-violet coloration, 
which changes after some time into wiiie-rcd and then into reddish- 
yellow. In the case of potassium chromate’ and pota.ssium i>er- 
raanganate the reaction takes place at once ; on inclining the dish 
bluish-violet streaks are formed by the fragment of the salt in¬ 
troduced, and if this is distributed bv shaking, the whole liquid is 
soon coloured. The appearance of the ])honomena is not (juito so 
rapid on the addition of jiotassium ferricyanide, whilst it is slowest 
of all with the peroxides. The more rapid the appefirance of the 
coloration, the .sooner does the change of colour take. ])lac.e. The 
reaction is particularly fine and sensitive when ])roduced by means 
of potassium dichromate, as recoTumended by J. Otto,2 who poiu-s a 
dilute solution of the reagent over traces of strychnine on a clock- 
glass. The strychnine is gradually converted into the sp,aringly 
soluhle strvehnine chromate. If the. liquid is decanted, the rc.siduc 
.slightly washed with water, the rcmainiler of the liquid absorbed by 
means of filter paper, and the film of strychnine chromate brought 
into contact with concentrated sulphuric aend, the blue, or bluish- 
violet streaks .are immediately produced. Strychnine chromate 
may also be precipitated directly from solutions of strychnine salts 
by means of potassium dichromate (R. Otto), k'liickiger recom¬ 
mends the. use of a solution of 0 01 grm. of potassium dichromato 
in ,'i c.c. of water, which is mixed with 15 grins, of concentrated 
sulphuric acid. When the liquid containing the strychnine is poured 
on to this solution in a tc.st-tubo*the bluish-violet zone is formed at 
the place of contact of the two liquids. The reaction will also 

1 ZeitscJi: anttl. Ohem., 23, 240 (1884). 

® J, prakt. Ohem.f 38,611 (1846), 



APPENDIX 


890 


SBC. 220 


obviously take place when a trace of strychnine or a strychnine salt 
* is sprinkled on to this reagent. 

According to Bailey and Lange, i a reaction is obtained with as 
little as 0'00025 ragrm. of pure strychnine when it is moistened with 
a drop of concentrated sulphuric acid and brough (into contact with 
a particle of a crystal of potassium dichromatc. ' 

The method is also very sensitive when the ale green solution 
of 1 part of potassium permanganate in 2000 parts of concentra\;ed 
sulphuric acid is used, as was first recommended by Guy. Wenzell 2 
states that he has been able unmistakably to detect as little as O OOO.o 
mgrm. of strychnine by means of tl^is solution. Tartaric acid.'citric 
acid, and thiocyanates, however, behave towards this solution in a 
similar manner to strychnine (G. Guerin 3), According to H. Enell.* 
this also applies to many other organic substance.s, so that it is 
frequently more advisable to carry out the reaction by means of 
potassium dichromate. On the other hand, Enell points out that 
the coloration with chromate is only very mdistinct, or is not produced 
at all, in the presence of nitric acid, or when the strychnine is in the 
form of a nitric acid salt, and that in such cases, therefore, potassium 
permanganate should be u.sed. The reaction takes place, however, 
even when free nitric acid is present, if a large quantity of the reagent 
is added, the colour then changing from cherry-red (first produced) 
into violet. 

The presence of morphine influences or inhiljits this strychnine 
reaction described above (Reese,'* Horsley ®). In order to produce 
it with certainty in the presence of morphine, the strychnine should 
first be precipitated as chromate as described above, or the neutral 
solution should be treated with jiotassium ferricyanide (Noubauer), 
and the resulting precipitate washed in the same way, dried and 
brought into contact with concentrated sulphuric acid. Another 
method is to separate the strychnine from morphine at the outset 
by means of chloroform (Rodgers ’). 

With regard to the differentiation of strychnine from brucine by 
means of this reaction, see Sec. 224. 

Finally, it may be mentioned that curarinc resembles strychnine 
in its behaviour towards .sulphuric acid and potassium chromate. 
They may be distinguished, however, by the fact that curarine gives 


^ Zeiiech. anal. Chem.f 3S, 999 (1899). ‘ Pharm. Zenlralh.. 2, 234 (1871). 

• Zattch. anal Ohm., 60, 636 (1911^. * mi., 43, 693 (1904). 

• mi., i, 399 (1862). » Ibii., i, 616 (1862). 

’ IMd., 6,406 (1866). 
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a red coloration with sulphuric acid alone, and that the colorations 
which it gives with potassium chromate are much more stable. 
Moreover, ourarino may be readily separated from strychnine by 
means of water or benzene (Dragendorff). •' 

• 9. On adding,! ceric oxide (CcO.^) to a solution of strychnine in 
concentrated sulrlhurio acid there is produced a fine blue coloration, 
which changes rllatively slowly into violet, and finally becomes a 
lasting red (Sonnenschein,! Djtirberg 2). 

According to Plugge, extremely minute quantities of strychnine 
(0'0005>mgrm.) may bo detected by moans of this reaction. 

fO. On treating a solution olia strychnine salt with strong chtorim 
water a white scum-like precipitate, dissolving in ammonium hy¬ 
droxide to form a colourless solution, is formed; this is regarded as 
trichlorostrychnine, C. 2 iHi 9 Cl 3 N 202 - 

11. According to J. Tafcl,^ strychnine is reduced by wisceM 
hydrogen (e.g. zinc and hydrochloric acid) to strychnidine and tetra- 
hydrostrychninc. On hedting a solution of strychnine in a little 
hydrochloric .acid with e.xccss of zinc dust, filtering the liquid when 
the evolution of gas has ceased, and treating the filtrate with/cm'c 
chloride, there is produced a yellowish-red coloration, which is stable 
on boiling the liquid, and is best obtained when the .solution is still 
slightly acid after the reduction. Ammonia and sodium hydroxide 
change the yellow coloration of the liquid to red ; the colouring 
matter is not extracted by other either from the acid or alkaline 
Bolution. The test is .sensitive to 3 mgrms. of strychinne (W. Lenz ^). 
On treating -1 c.c. of a strychnine solution with 4 c.c. of hydrochloric 
acid (sp. gr. ri8) and 2 to 3 grins, of granulated zinc, boiling the 
liquid, allowing the mixture to stand for 4 minutes, and then de¬ 
canting the supernatant liquid and treating it wdicn cold with one 
drop of a 01 per cent, solution o£ sodium nitrite to 2 c.c., a red 
coloration is immediately produced in the presence of 0'003 to 0‘004 
mgrm. of stiychnine. If, instead of the nitrite, 1 c.c. of sulphuric 
acid and a drop of O'l per cent, sodium nitrate solution are used, the 
red coloration produced is much more intense, but the reaction 
applied in this form is somewhat less sensitive (P. Malaquin,* 
G. Denighs ®). 

1 ZeiUck. anal. Chtm., 9, 494 (1870). 

“ Ibid., 11, 440 (1872). 

» Ann. d. Chem., 301, 286 (1898). 

‘ Pharm. Zeit, 43, 786 (1898). 

“ Zeitsch. anal. Chem., 49, 656 (1910). 

“ Ibid., 61, 168 (1912). 
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12. On treating a solution of a strychnine salt with potassium 
<thiocyanMe a crystalline white precipitate is produced, immediately 

in concentrated, and after some time in more dilute, solutions; under 
the microscope thia.^reoipitate is seen to consist of, fiat needles with 
blunt or pointed ends ; they are only slightly solul le in excess of the 
precipitant. 

13. Mercuric chloride produces in solutioii-s oj strj’chnine salts 

a white precipitate, which after some time changes into stellar 
groups of needles, plainly visible witli the aid of a lens. On heating 
the liquid they dissolve ; and on cooling the solution the compound 
is obtained in large crystals. ^ 

14. Tannic acid produces a com|iact white precipitate, insoluble 
in hydrochloric acid, in solutions of strychnine salts containing as 
little as 1 : 3000. 

15. Of the other general precipitation reagents, potassium mercuric 
iodide produces a com])act white precipitate, and gives a turbidity 
with solutions containing 1 ; 150,000 ; bidine in jiotas.siuni iodide 
solution produces a precipitate of reddish-brown colour in a solution 
containing 1 ; 15,(XX); phosphoraolybdic acid produces a yellowish- 
white precipitate with solutions of 1 ; 14,(X)0; and gold chloride give.s 
a dirty yellow precipitate with .solutions of 1 : 10,(XX), this precijjitate 
being soluble in alcohol, and crystallising theridrom in orange- 
yellow crystals. Platinum chloride produces, even in solutions 
containing 1 : ItXX), a yellowish-white precipitate, which dissolves 
with difficulty in boiling alcohol and separates therefrom in lustrous 
flakes (Dragendorff). In a solution slightly aeiditiod with nitric acid, 
potassium bismuth iodide is .stated to give a jirecipit-at.e in the presence 
of 1 part of the alkaloid in 40,fHX), and phosjdiotungstic acid with 
1 : 100,(XX). 

16. With regard to the micnx'.he.mical detection ace the communica¬ 
tions of A. Grutterink i and R, Wasicky.^ 

Sec. 221. 

2. Brucine, C 23 H 26 N 2 O 4 . 

1. Brucine, which occurs in association with strychnine in 
different species of Strgehnus (cf. p. 887), is known in the crystalline 
condition, C 23 H 28 N 2 O 4 . 4 H 2 O, cithW in the form of transparent 

rhombic rods or stellar groups of needles, or as a white powder com- 

c 

' Zeitsch. anal. 51,187 (1912). 

* Zeitac}^. aUgtm, osierr. Apotk. Vereins, 62, 36, 41, 63, and 07 (1914). 
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posed of small crystalline flakes. It has a bitter taste and a toxic 
action, which, however, is less pronounced than that of strychnine. i 
Crystallised brucine dissolves in 320 parts of cold and in 150 j)arts 
of boiling water, whilst the anhydrous alkaloid (Jjpsolves in 850 and 
.5(jp parts respectively. It is also soluble in 1140 parts of petroleum 
spirit, and in 133 5 parts of ether containing water, but is very 
spaYingly soluble ’ i absolute ether ; it dissolves in 2 parts of 80 per 
cent, alcohol, and’is also readily soluble in ab.solute alcohol, in amyl 
alcohol (especially on heating), and in chloroform. It is Isevo-rota- 
tory [aji, in absolute alcohol solution——80'1°, in chloroform 
solutktn = —120°. It melts at UX)' in its water of crystallisation, 
whilst the anhydrous brucine mdlts at 178°. 

2. Brucine is a mono-acid base, and combines with acids to form 
salts, which are readily soluble in water and have a very bitter taste, 
and most of which are cry.stallisable. 

3. Rolassium hydroxide, sodium hydroxide, and sodium carbonate 
precipitate brucine from sojutioirs of its salts as a white precipitate 
in.soluble in excess of the jirecijiitant. When e.xamined under the 
nucro.so(}pc immediately aft(!r the precipitation it appears to consist 
of very .small granules. On continuing the observation, however, 
these will be seen to coalesce suddenly (with the fixation of water) 
into ncedlc.s, which again invariably gi'oup themselves concentrically. 
This alteration in the prcci[)itatc may even bo observed with the 
naked eye. 

4. Ammonia j>recipitates brucine froni solutions of its .salts as 
a white precipitate. At first this aj)pears to be comimsed of minute 
droj)s of oil, but these gradually coiubino with water and change 
into minute needles. 'The preeijiitate is readily soluble, immediately 
after the precipitation, in an excess of ammonia solution. After a 
very .short time, however (somewhat longer in the case of dilute 
solutions), the brucine combined with water of crystallisation 
cry.stalli,scsfrum the solution in small needles grouped concentrically, 
and is then no longer di8.solved by the addition of more ammonia 
solution. 

5. Sodium hydrogen carbonate, added to a neutral solution of 
brucine, produces in a short time a precipitate of brucine (containing 
water of crystallisation) in the form of lustrous silken needles grouped 
concentrically. The precipitate is insoluble in excess of the pre¬ 
cipitant, but dissolves through the action of free carbon dioxide 
{of. Sec. 220, .5). Acid solutions of*brucine salts do not give a pre¬ 
cipitate (Inly after a long time, as the carbon dioxijjc escapes. 
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does the above-mentioned compound separate in relatively large 
oCrystals. 

6. On bringing brucine or one of its compounds into contact with 
concentrated nitric acid (sp. gr. i s to 1'4), a solution is obtained 
which is momentarily an intense bright red, and then yellowish-red, 
and changes to yellow on heating. If the liqi id, whether con¬ 
centrated or diluted with water, is treated, drop h)' drop, after being 
heated to this point, with stannous chloride solution diluted with a 
little water, the intense yellow coloration changes to an extromelj 
intense violet. A violet precipitate is also formed in concentrated 
solutions. This reaction is also produced by colourless ammopium 
sulphide solution. The smaller the quantity of nitric acid used fur 
the solution of the brucine, the finer is the coloration. If sodium 
hydrogen sulphide solution is used instead of the reducing agents 
mentioned, the violet coloration first produced changes subse.ipiently 
to green (St. Cotton i). The stannous chloride reaction is particularly 
line when about 0'5 c.c. of a solution yf brucine in 60 per cent, 
chloral hydrate .solution is mi.xed with a very little dilute nitric acid, 
and the mi.xture jioured on to tlii'ce times its volume of concentrated 
sulphuric acid, A yellowish-red to deep red coloration is immediately 
produced. When the upper laym- has become )-oIlow after a short 
time, a little dilute stannous chloride is introduced by means of a 
pipette. (This solution is prepared by dissolving 1 part of .stannous 
chloride in 9 parts of hydrochloric acid of sj>. gr. 112.) A fine violet 
zone then appears between the two up])er laj'crs (R. Maucli ‘^). 

7. On mixing a little brucine with a few drops of coitenUnilcl 
fulphuric acid a colourless solution is obtained. If, however, the 
sulphuric acid contained a trace of nitric acid, or if Erdmann'S 
reagent (Sec. 216, 0) is used, a transitory pink to red coloration and 
subsequently a yellow coloration is obtained. The reaction is very 
sensitive. 

8. When brucine is brought into contact with a. solution of 
ammonium vanadate in concentrated sulphuric acid (1 ; 200), the 
solution becomes transitorily red and then reddish-orange, and is 
soon decolorised (llandelin •“). 

9. On treating the solution of a brucine salt with potassium 
dichrovuUe, it remains clear at first, but after some time yellowish- 
red crystals separate, which disseVe in concentrated sulphuric acid 

* Zeitsch. awtl. Chem., 9, 111 (1870). 

* XJhpr phyAikulitiCh-chnaische KUjtvAchijlen den ChloraViydraitt, Dissett. 
Strassburg^ 1898, p. 34. 

* Zeitsch^annl. Chem., 23, 236 (1884). 
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to form a brownish-red solution. On drawing a small crystal of 
potassium dichromate through a colourless solution of brucine in » 
sulphuric acid (free from nitric acid) red streaks are formed, and 
the whole liquid then becomes red, changing to olij!p-grcen, to brown, 
anjJ finally to green (Gadamer). On dissolving brucine in dilute 
sulphuric acid (1 : lo), and introducing into the solution a glass rod 
previously dijjped Into very dilute potassium dichroniate solution, 

^ a raspberry-red coloration is first produced, but changes into orange 
and brownish-yellow (Dragendorfl i). 

10. " When a solution of brucine in acetic acid is diluted with 
waterainS then treated with Irud peroxide, the liquid bccome,s pink 
(Ihl). When treated with imiiffdtiese dioxide and dilute sulphuric 
acid in the cold, brucine gives a yellowish-red to blood-red coloration 
in a few hours, and picric acid then added to the filtrate produces 
an amorjihoiis yellow precipitate (II. Hager -). 

11. On mi.xhig a .solution of a brucine salt with a solution of 
mercurous nitrate, as free, from acid as possible, a colourless liquid 
is obtained. On now heating the mixture on a moderately hot water 
bath, a fine carmine coloration gradually develops from the margin 
and increases in inten.sity ; it is very stable. Strychnine docs not 
produce a red coloration. In this way 1 part of brucine may he 
detected in the presence of 10 to 20 parts of strychnine (Fliickigcr ■'), 
As was pointed out by C. Keichard,^ the reaction docs not take 
place with the free alkaloid, but only with brucine salts, in the 
reaction between free brucine and the mercurous salt, the latter is 
reduced to metallic merenryy which gradually separates as a whitish- 
grey mass, which finally' becomes almost black. 

12. When a solution of a brinine salt is carefully treated with 
chlorine water it becomes bright red, the colour changing on the 
addition of antmonia solution to pale yellowish-brown. If solid 
brucine is treated with a little chlorine water it dissolves, forming 
a pale-red solution, which, when evaporated on the water bath, 
leaves a blood-red residue (Beckurts). (E.ssential distinction from 
strychnine.) 

13. On treating solutions of brucine .salts with putassiam thio- 
cijanat.i; a granular crystalline jirecipitate is formed, especially when 
the sides of the vessel are rubbed, immediately in concentrated, and 
after some time in dilute, solutitns. Under the microscope the 

^ Zeikeh. atud. Vhem,, 18, 107 (1879) 

* Ibid., 11, 201 (1872). , 

’ Ibid., 16, 342 (1870), 

' 49, 700(1910). , 
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precipitate shows the form of polyhedric crystalline granules grouped 
in various ways with regard to each other, 

14. Mercuric chloride produces a white granular precipitate, which 

under the microseppe is seen to consist of minute globular crystalline 
granules. i , 

15. Tannic acid produces a compact dirty-wpite jjrccipitate in 
solutions of brucine salts containing as little as : 2000; the pre¬ 
cipitate is soluble in acetic acid, but insoluble in hydrochloric acid; 

16. Of the remaining (jeneral precipiialiun rcagenls, iodine in 
potassium iodide solution reacts with solutions diluted to 1 ■ 50,000 ; 
potassium mercm-ic iodide with solutions containing 1 : 30,0(X); 
gold chloride with 1 :20,(XX); jiotassium bismuth iodide and also 
molybdic acid with 1 ; 50,0(X); and platinum chloride with 1 : 10(K) 
(Dragendorli). The ochre-yellow phosphomolybdic acid precipitate 
gives the reaction described in (i. 


8ec. 222. , 

3. Veratrine. 

1. Vcralrinc is a mi.xturc of two isomeric alkaloids, not easily 
separated, which are contained in sabadilla seeds (Sahaditla ojflcinuhn), 
viz. crystallisablc cevadive and amorphous verairidine, each of which 
has the formula C 32 n 4 oNOo. For toxicological inve.stigations this 
mixture is to bo regarded as an individual substance.i It is a bulky 
W'hite odourless powder, with a pungent burning but not hitter taste, 
and is extrcmch’ to.xic. Its dust provokes violent sneezing. It is 
only very slightly soluble in water : to a greater extent in the freshly 
precipitated than in the dry condition. The solution has a burning 
taste, and is faintly alkaline in its reaction. The cold saturated 
solution becomes tiirhid when heated, but becomes clear again on 
cooling, provided that the heating w'as not contimu'd too long. 
Veratrine dissolves in 2 parts of (.'hloroform, in 3 parts of alcohol, 
and in 10 parts of ether, somewhat readily in amyl alcohol and in 
benzene, and to a still smaller c.xtent in petroleum spirit. It melts 
like a wax at 150°-156°, and, on cooling, solidifies to a yellow trans¬ 
parent mass ; when carefully heated it can be sublimed unchanged. 

2. Acids neutralise veratrine com])letely. Some of the sails 
crystallise with difficulty, hut i^ost of them resemble gums when 
dry. Some of them are soluble in water and have a pungent burning 

‘ The statements in the text ref^ to the “ otlicinal veratrine.” With regard 
to the separation of the mixed alkaloids, see hi. Schmidt and 8. Kopiien {Ann, 
d. Vhem., 1J5, 224) and Bosctli {Zeitach, amt. Chem., 2S, 249 (188t>)). 
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taste. Veratrine is extracted from acid solutions l>y benzene, but 
not by petroleum spirit (Masing). 

3. Potassium atid sodiii m h/droxides, ammonia and alkali carbonates 
produce in solutions of veratrine salts a nocculent*wbite precipitate, 
wl^ch, when exa iiined under the microscope immediately after 
precipitation, is syen to be non-crystalline. After some minutes, 
however, it change^ it.s condition, and instead of the coagulated mass, 
of l^rhich at first it appenred to cof)sist, crystalline groups composed 
of short rods are visible. The precipitate is not insoluble in excess 
of potUs^um or sodium hydroxide solution or of potassium carbonate 
solution. It is slightly solubh^ in^ammonia solution in the cold, but, 
on heating, the dissolved ])i3rtion pajtially separates again. 

4. The salts of veratrine behave like those of strychnine and 

hrucine towards sodiwu or /i>fdro(jen carhomites. On 

hoiling the solution, liowcve?-, veratrine readily se])arates from dilute 
solutions. 

5. When veratrine is dissolved in concentrated hydrochloric 
acid it yields a colourless .solution, which, when boiled for some time, 
gradually becomes reddish and finallv intense red, and the colour 
of which docs not disappear on standing. The reaction is very 
sensitive (Trapp i). 

6 . On bringing veratrine into contact with concentrated nitric 
acid it agglomerates into resinous lumps, which slowly dissolve. 
If the veratrine was ])uro the solution is colourless. On evaporating 
the solution to dryness on the, water bath, and licatlng the residue 
with alcoholic potassium hydroxide solution (1 :10). it assusuos a 
blood-red or, in the case of .sinalha’ (pi.intitios, a raspbcny-rod 
coloration ; at the same time, <m evn]>orating the alcohol, an odour 
of coniine becomes perceptible, and is reproduced on repeating the 
addition of alcoholic- potassium hydroxide solution. Tliis odour of 
coniij\c can be recognised in the presence of i)’25 mgrni., whilst the 
raspberry-red coloration is not produced until the amount of the 
alkaloid reaches l‘‘l mgrm. (.1. Konkadow-). 

7. When veratrine is introduco<l into <' 0 )ice))l)‘alcd saipburic acid it 
agglomerates in like manner into a resin-Jike mass. 'I’ho lumps readily 
dissolve, liowevcr, to form a s(>liUion which at first is yellow with a 
greenish-yellow huoresi^cnce, but the yellow colour of which becomes 
continually darker, and then cliangdi through reddish-yellow into an 
intense blood-red, and finally to purplc-rcd ; the colour persists for 

^ ZeiUch. nml. Chem.^^Z, 215 (1863). 

2 Vhem. Zdt., 23, 4 (1890). 
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two or three hours and then gradually fades. On heating the liquid 
the red coloration is produced immediately. The addition of about 
an equal volume of bromine water also causes the yellow colour of 
the fresh sulphur!® acid solution to change at once into purple-red. 
Oubebine also gives a similar reaction (Schiir). Erdmann’s reagent 
(Sec. 216, 6) and Erohde’s reagent (Sec. 21.3, 11) act in the same way 
as concentrated sulphuric acid, but somewhat mq-e rapidly. 

8. A solution of ammonium vanadate in concentrated sulphhric , 

acid (1:100) is at first changed to brownish-red and subsequently 
to dark reddish-violet by veratrine (Kundrat). , ' 

9. If a little powdered sugar )s sprinkled over a thin layer of 
the yellow solution of veratrine in concentrated sulphuric acid there 
is soon produced (owing to dehydration) a dark green coloration, 
which gradually becomes intense blue and then slowly fades (Weppeni). 
The formation of the green coloration is accelerated by breathing 
on the mixture. The blue coloration is particularly fine when it is 
obtained by adding a small drop of bromine water to the mixture 
after it has become green. If the quantity of veratrine is not too 
small it may bo ground up with the sugar, and the mixture then 
stirred with a few drops of concentrated sulphuric acid. The success 
of the reaction depends upon there being a definite proportion 
between the amounts of veratrine and sugar; according to Beckurts 
this should be 1 : 6. R. Otto was unable to obtain the reaction with 
a mixture in the proportions of 1 :2 and 1 :4 originally prescribed 
by Weppen; it could bo obtained with a mixture of 1 :8, but the 
colorations were not nearly so fine as with the mixture of 1: 6. 

10. On treating veratrine with a solution of five drops of furfural 
in 10 c.c. of concentrated sulphuric acid, the liquid becomes first 
yellow to olive-green with blue margins, and then, after a few minutes, 
the colour changes to sap-green and finally to a fine blue (N. Wender^). 
The reaction is not so sensitive as the preceding one. 

11. On treating a solution of a veratrine salt with not too small 
a quantity of chlorine water, it becomes intensely yellow, and the 
coloration is not materially changed on adding ammonia. 

12. The most sensitive of the general precipitation reagents for 
alkaloids in the case of veratrine are iodine in potassium iodide solu¬ 
tion, potassium mercuric iodide, ^hosphomolybdic acid, and tannin ; 
they produce precipitates even in solutions diluted to 1 : 5,000.® 

* ZeiUeh. anal. Chem., 13, 464 ({ S74). ' Ibid., 42, 328 (1903). 

® With regard to the further reactions of veratrine, cj. C. Beichard, Pharm. 
Zeniralh., «, 644 (1905). 
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Sec. 223. 

4. Atropine, Ci7H23N03. 

The i-Tropine ester of (li+l) tropic^id. - 

CflHs.CIICCIIg.OHj.COO.CvHuNtCHs). 

1. Atropine, wl'ioh occurs in all parts of the deadly nightshade 
{Alropa belludonmjj and the thorn apple (Datum stratnoninm), in 
association with the isomeric hyoscyamine (Ladenhurg, E. Schmidt),! 
is known in the form of colourless lustroim rods and needles. It is 
odourlessj and has a nauseous and persistent hitter taste, yttropine 
is .solflble in about 300 parts oi water (I’lanta) and in 1211 j)arts 
of petroleum spirit at about 20°, in 4.9 parts of ether, 26 part.s of 
ethyl acetate, 2.5 parts of benzene, and 1'5 parts of chloroform 
(IT. Scholtz). It is readily soluble in alcohol and amyl alcohol. 
It is optically inactive. Its aqueous solution has an alkaline reaction; 
on boiling it some of the atropine volatilises with the steam. Atro¬ 
pine is extracted from the sohition by treatment with animal charcoal. 
The alkaloid melts at 115° to 115'5°. When carefully heated above 
that temperature the greater portion of the atropine volatilises 
unaltered, and sublimes at first in oily drops, which, when in contact 
with a drop of water, gradually yield crystalline needles, and, on 
contact with hydrochloric acid, form fine octahedra .after some time 
(Helwig 2 ). 

2. Atropine combines with acids to form salts, most of which are 
non-crystalline or only crystallise with difficulty. The salts are 
readily soluble in water and alcohol, but are practically insoluble 
in ether, benzene, and amyl alcohol. Aqueous solutions of atropine 
salts darken when heated for some time. 

3. Atropine, and atropine salts have a poisonous narcotic action. 
They are mydriatic, i.e. enlarge the pupil for a considerable time when 
introduced into the eye. The same’effect, however, is also produced 
by hyoscyamine. In the case of the latter alkaloid the action takes 
place at a somewhat later j)eriod, but is more lasting than in the case 
of atropine. Cocaine also enlarges the pupil, but only when a 
somewhat concentrated solution is used. According to Donders and 
Ruyter, one drop of a solution of atropine (1:130,000) will still 
produce mydriasis. 

* E. Schmidt and H. Henachko (Chem. Zentr., 1888, 649) also found atropino 
in aasociation with hyoscyamine and scopolamine in the root of Scopoliajaponiai. 
With regard to other alkaloids accompanying atropine and hyoscyamine m 
belladonna and their properties, see 0. Hesse {.dnn. d. Vhem., 261, 87 ; 271,100). 

• Zeiiseh, ami. Chem., 3, 43 (1864). 
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4. Potassium a)id sodium hydroxides and alkali carhonules preci])i- 

tate part of the atropine from concentrated aqueons solutions of 
atropine salts. The jwecipitate, which is pulverulent at first, docs 
not dissolve more'aeadily in excess of the precipitant than in water. 
On standing for a considerable time it becomes crystalline. Am- 
vwnia also precipitates the alkaloid ; the precipitate is soluble in 
excess of the precipitant. On treatment with fi>^-d alkalis, and also 
with baryta water, atropine is decomposed, slowly in the cold hnd , 
more rapidly on heating, with the formation of tropic acid and 
subsequently of atropio acid (a-phenylacrylic acid) ant] also of 
tropine. , • 

5. Ammonium carhormte and alkali hydrogen carlmuti-cs do not 
precipitate atropine from solutions of its salts. 

6. If atropine or an atropine salt is treated with a little fuming 
nitric acid, and the mixture dried on the water bath, a colourless 
re.sidue is obtained. On adding to this, when cold, a drop of a 
solution of potassium hydroxide in absolute alcohol, a violet colora¬ 
tion, .soon changing to red. is produced (N'itali i). The test is capable 
of detecting O'Odl mgrm. Ilyoscyamine and scopolamine give the 
same, and strychnine and veratrine an analogous reaction. With 
regard to the difference in the behaviour of strychnine and atropiTie, 
sec I). Vitali.- 

7. On heating atroj)ine with concenlralrd sulphuric acid until a 
brown coloration appears, and then adding twice the volume of water, 
the mixture froths up and emits a sweet odour, recalling that of 
sloe blossoms (Gulielmo 3). On then adding to the hot mi.xture a 
granule of potassium dichromale, the residting odour will recall that of 
meadowsweet (Apirrra ulmaria) ; whilst on contimiing the heating it 
will resemble that of bitter almonds (I’feifTer). The odour of flowers, 
which is characteri.stic of atropine, may also be produced by placing 
a little of the alkaloid upon crystals of chromic acid, and heat¬ 
ing the mixture until, owing to incipient reduction, the chromic, 
acid becomes green (Brunner ■•). 

8. If atropine is brought into contact with concentrated sulp’/nric 
acid on a white porcelain surface, and a few crystals of potassium 
nitrate stirred into the mixture, a deep yellow to orange coloration 
is produced. On then adding a few drops of an alcoholic solution 

* Zeitsch. anal. Chem., 20, 5(>3 (1881). 

* Ibid., 38, 134 (1899).* 

“ /IM, 2, 404 (1863). 

• * Ber., 6, 98 (1873); Zeitsch. anal. Chem., 12, 346. 
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of potassium hydroxide the mixture assumes a fine reddish-violet 
coloration, which soon changes to pale pink (Arnold), 

9. Auric chloride precipitates from aqueous solutions of atropine 
salts the aurochloride, Ci 7 H 23 N 03 .HAuCl 4 , in thfform of a yellow 
precipitate, which is sometimes oily at first, but gradually becomes 
crystalline. When recrystallised from hot water containing hydro¬ 
chloric acid, this ^compound is obtained in small lustreless flakes, 

> wbrnh melt at 135“ to 137° (Landenburg i). 

10. An aqueous .solution of mercuric chloride, added to an alco¬ 
holic soktion of an atropine salt, immediately produce.? a yellowish 
precijlitate, changing to orange-ijjd when gently heated (Uenard). 

11. T imnic acid produces in absolutely neutral acpieous solutions 
of atropine salts a caseous white jirecipitate, which is .soluble both 
in hydrochloric acid and in ammonia solution. 

12. Picric acid produces a crystalline precipitate in acid solutions 
of atropine which are not more dilute than 1 : 500. If, however, the 
so-called atruiiinum suljihii’ricam iiuturalc, which is a mixture of 
atropine and liyoscj’amiiie sulphates, is used for the reaction, an 
amoiphous turbidity, changing to oily drops, is produced, 

13. Of the other (/encrat prnipdutKDt rcui/ents, the following 
produce precijiitales in slightly acid (sulphuric acid) solutions; 
rotassiiim mercuric iodide in solutions containing 1 : 150,000; 
iodine in ])otassiuin iodide solution with 1 : 05,000; and phos- 
jihoniolybdic acid with 1 : 10,000.- 


Sumimrij and Remurlcs on Nun-Voluhlc Alkaloids (Group 111.). 
iSisc. 224. 

Strychnine may be se[)arated from brucine, veratrino, and atro¬ 
pine by means of cold abwhitc alcohol, in which it is soluble, whilst 
the other two are insoluhlo. The separation of strychnme and 
brucine, which may be required in cases of nux vomica poi.soning, may 
be effected by means of potas.sium dichroraate. For this purpose, 
the alkaloids are obtained in a solution as concentrated as possible 
in dilute acetic acid, and pota.s.sium dichromate added. Under 
these conditions nearly the whole of the .strj'chnine separates as 
chromate, whilst the brucine remnins in solution ; after standing 
lor a considerable time, however, the brucine may also separate as 

' Ann. d. Chein., 206, 274. * 

^ With regard to the reactions of atropine, cf. also (t Reiohnrd, Clicm. Zed., 
28, 1048 (1004), and K. Eder, Zi tl.'.ch. nmd Chen/., 58, 233. * 
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chromate (R. Otto). The two alkaloids may also be readily differen¬ 
tiated and separated by means of chlorine water; for when treated 
in the dry condition with that reagent the brucine dissolves to form 
a red solution (8@c. 221, 12), whilst the strychnine is left un¬ 
dissolved (Sec. 220, 10) (Beckurtsi). According to BeckurtsKie 
most accurate method of separating the two alkaloids is to treat 
the mixture, which must previously be puriiiedfas completely as 
possible, with water containing hydrochloric acid, so as to obtain < 
an approximately 1 per cent, solution, and to add 0 5 per cent, 
potassium ferrocyanide solution to this, with constant stirring, until 
a drop of the mixture, filtered through a micro-lilter, produces a blue 
coloration on moist filter paper impregnated with ferric chloride 
solution. Only the strychnine is thus precipitated as hydroferro- 
cyanio acid salt. Strychnine is best identified by the reaction with 
sulphuric acid and the oxidising agents mentioned in Sec. 220, 8,'t 
and by its microchcuiical behavioiu'. Brucine and veratrino may be 
separated from atropine by rendering ‘the solution alkaline and 
shaking it with petroleum spiiit (llragendorfl) , this solvent extracts 
the brucine and veratrino, but not the atropine. On shaking the 
aqueous layer, separated from the petroleum spirit, with ether, the 
atroi)ine is then obtained in ethereal solution. There is no good 
method of separating brucine from veratrino, but they may be 
readily identified in the presence of each other, h'or this purpose the 
reaction described in Sec. 221, 0, is the most suitable for brucine. 
To distinguish veratrine from brucine, as also from all the other 
alkaloids dealt with here, it is sufficient to obiscrvo its behaviour on 
melting (Sec. 221, 1), a characteristic which it shares with none of 
the others. In order to detect it in the presence of brucine, the 
reaction with hydrochloric acid or with concentrated sulphuric acid 
(Sec. 221, 5 and 7) should be used. 

* Zeitsch. anal. Chem., 28, 102 (1889). 

* Arch. d. Pharm.. 228, 315 (1890); Zeitsch. anal. Chem., 29, 730. 

* The only substances besides curarine (Sec. 220, 8) which show a somewhat 
similar behaviour in this respect are aniline (lleissenhirz, Ann. d. Chem., 87, 
370 (1853)) and all aej/hanilines or acyl-tetrahydroguinolines (J. Tafel, Ikr., 25, 
412 (1802)), the p-position of which Is not occupied. A. Guy, however, calls 
attention to the fact that aniline, when treated with sul])huric acid and oxidising 
agents, becomes first pale green, then gradually darkens, and only then assumes 
a fine blue colour, which persists for a long time and finally changes to black. 
Brucine interferes to a considerable extent with the colour reaction of strych¬ 
nine with concentrated sulphuric acid and potassium dichromate. The re¬ 
action is still perceptible, however, Vith 1 ragrm. of strychnine in the presence 
of 20 ragrms. of brucine, but is indistinct with I mgrm. to 40 mgrms. 
(Beckurts).' 
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C. Properties and Reactions op Certain Non-nitrooenous 
Substances allied to the Alkaloids. ' 

Although they do not belong to the class of alkaloids, and differ 
fundamentally from them in being free from*hitrogen, the sub- 
sfances salicine, digitaline, and piorotoxine may be dealt with as a 
supplement to the alkaloids which have been described. 

i 

Sec. 225. 

1. Salicine, CisHigOj. 

SaUi/enine qliiconide, tiofr^fCIIg.OlIl.O.CoffiiOs- 

1. Salki/ne occurs in the bark and leaves of most willows (Halix) 
and of certain species of poplars {Populux), also in poplar buds and 
the buds of meadowsweet (Spiran ulmaria). It is known cither in 
the form of lustrous white needles and spangles, or, if these are 
very fine and small, as a, lustroiLs powder. It has a bitter taste. 
It dissolves with some dilliculty in 28 parts of cold water or in 
30 parts of cold alcohol, but is readily soluble in the boiling 
solvents. It is insoluble in etlier, liut i.s soluble in potassium 
hydroxide solution and in glacial acetic acid. It is luevo-rotatory, 
with [a] =—C(i“. It melts at 201°; on continuing the heating 
it solidifies again, and is decompos.d at 2,30°-2 IO°’, with the libera¬ 
tion of dextrose and condensation of the residue of saligenin to 
salirdin, HO.CeIl 4 .CIl 2 . 0 .Coll 4 Cir^.O!! (Sebiff i). 

2. Salicine does not neutrali.se acids, and docs not combine with 
them. 

3. When salicine is brought into contact with concentrated sul¬ 
phuric acid it assumes a blood-red coloration and agglomerates into 
resin-like masses. The sulphuric acid itself remains colourless at 
first. Solution takes place only slowly, the acid becoming increas¬ 
ingly red as it proceeds, wliilst water will then produce in it a red 
precipitate which is soluble in water but insoluble in dilute sulphuric 
acid (llraconnet,''^ Mulder S). 

4. On treating an aqueous solution of salicine with dilute 
sulphuric acid or with hydrochloric acid, and gently heating the 
mixture, the salicine is dccomjio.sed into dextrciso and saligenin 
(o-hydoxybonzyl alcohol, IIO.C 5 It 4 .CII 2 .OH) (Piria *). If, however, 
the liquid is boiled for a short time, it suddenly becomes turbid, 

> B«r.. 14, 304(1881). * ^ c/iim. p/ij/s., (2) 44, 290. 

' J . praht . Uhem ., 18, 350. * Ann . chim . pfi ’ js ., (3^ 14, 257. 
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while the saligcnin undergoes further decomposition into salirctin 
t{c/. 1, supra) (I’iria i), which separates as a flocculent white agglomera¬ 
ting precipitate. On adding one or two droj)8 of potassium dichromate 
solution to the li(^yid containing tlic prcci])itate and boiling the 
mixture, tlic saliretin becomes bright pink, while at the same tinic 
the characteristic pleasant aromatic odour of salicylic aldehyde is 
emitted. If the boiling with dilut(^ snljihuric acid and potas.sium 
dichromatc is carried out in a .small distillation flasK connected with 
a receiver containing a little water, f.lio .salicylic aldoli}'dc may easily 
bo detected in the distill,itc bj- adding a drop of ncntrjil ferric 
chloride solution, which will produce an intense violet coloration 
(Parrot). Salicinc is not decomposed when heated with alkali solution. 

5. On moistening a little salicinc with a few drojis of a solution 
of pure zinc chimidc in dilute hydrochloric acid (O’l grm. of fmsed 
zinc chloride, 3 c.c. of concentrated hydrochloric acid, and .3 c.c. 
of water), and drying the mixture on the water bath, an intense 
violet-red residue is obtained (A. .lorissenk 

(i. There is scarcely any reagent which precipitates salicinc 
without causing its .simultaneous decomjiosition. Lead acetate, 
however, precipitates lead salicinc, tT 3 Hi 407 Ph 2 , as an amorphous 
powder, soluble in acetic acid and alkali solutions, from conccntiuted 
hot aqueous .solutions (I’iria -) and sodium elhi/l akuholatc precijhtal.es 
sodium salicinc, Cj 2 l[| 7 ( ) 7 iv'a, as a while, very friable ma.ss from 
alcoholic solutions of .salicinc (Perkin ■*). 

7. Ferric chloride jiroduces only a very .slight brownish coloration 
in solutions of salicinc, but on boiling the liquid it is decolorised, 
while an ochre-yellow jireeijiitate is formed. 

8 . When salicine is added to a .solution of 3 grins, of sidrer nitrate 
in 30 grms. of ammonia .solution of sj). gr. 0-923, to which has been 
added a solution of 3 grins, of sodium hydroxide in 30 c.c. of water, 
and the mixture is heated, a silver mirror is formed, owing to the 
reduction of the silver salt. Other glucosides, mannitol, cane sugar, 
and also dextrose give the same reaction (E. Salkowski). 

Sec. 226. 

2. Digitaline. 

1. The prejiarations sold nndo^' the, name of digitaline in com¬ 
merce vary very greatly in their composition. They consist of 

’ Ann. ('him. ( 2 ) 69 , 281 . 

= Ibid., ( 2 ) 69 , 281 . 

“ Zeitsekf. Chem., 1809 , 120 . 
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mixtures of the active constituents of those parts of the red foxglove 
{Digitalis ■purpurea) which grow above the soil. Tliese have th« 
characteristics of glueosides, and among them the following have 
been identified with certainty as definite indi^iials i: Digitoxiite, 

; crystallisablo digitotiim (•l 27 Hd 0 *^i 4 ' 5 ff 2 l-l )2 i 1*™® 
digilaline in the narrower sense of the word, f'lallseOir or C36H58O14, 
and the still less known digiUilcine, C'38ll48Uio. Uigitioxine, digita- 
Kne, and digitaftinc are cardiac poisons, the first and the last in 
particular having a very pronounced action; digitoiiine is also 
toxic, Jjut is not a cardiac posion. When boiled with alcoholic 
hydrochloric acid, these glueosides undergo hydrolytic dissociation. 
Digitoxine yields digitoxigemno (0221132(14) and 2 luoloculcs of 
digitoxo.se i from digitonino are formed digitogeninc 

(C3oH48()o), 2 molecules of dextrose, and 2 molecules of galactose ; 
whilst true digitaliiio yields digitaligenino (022H3o(l3)> digitalose 
(07112405), and dextrose. 

2 . Of these jiiiro glueosides only digitoxine, digitoninc, and 
digitalinc can be obtained coiiiinercially at the present time. True 
digitaliiie {digilalinum leniin) is not a commercial product. With 
regard to the other preparations sold under the name of digitaline 
the following remarks may be made : Dtgitalinuni 'puruin uniorplium 
{digUalinuhi gullicAiiii, llomolle’s amorphous digitalinc) of the French 
and Belgian I’harmacopa'ias is prejiared from digitalis leaves, and 
consists, ill the main, of digitoxine. Digilalinum grrmameum is 
obtained from the seeds, and contains ti iie digitaline and digitaleine, 
with about 50 per cent, of digitoiiine. Lastly, mention must be made 
of true digitoiiine, which is sold under the name of “ digitalin crysl." 
In view of the fact that there are all these various preparations, it 
can be understood that the conimunications upon the behaviour 
and reactions of “ digitalinc ” are not free from contradictions, .since 
some of them do not refer to preparations of the same kind. In 
the following outline we have endeavoured to give only statements 
referring to materials the nature of which was definitely established. 
It may also be noted that in the forensic detection of digitalis poison¬ 
ing, predominant attention must be given to digitoxine, since the 
other glueosides can hardly be detected in experimental mixtures 
with cadaveric remains, and a fortiori disappear in the organism. 

3 . Digttoxine forms tabular *ivhite crystals containing water of 

1 0. Schniiedcbcrg, Arch, crperm. Pathol., 3, 10 (1876); H. Kiliani, Arch, d, 

Plinrm., 230, 260 ; 231, 400; 233. 20ii 311, ()»8 ; 234, 273, 481 ; 237, 446; 
243, 5; 252, 13; 254, 265; 0, 0. Keller, ZeiPrh. mud. Client., 39, 257; P. 
Kraft, .belt. d. Phnttn., 250, 118 (1012). « 
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crystaDisation. In this condition it melts at 145°-150°, and when 
•nhydrotis, at 24D°-246°. It dissolves in about 2000 parts of water; 
it is almost insoluble in ether, but dissolves in 15 parts of hot 70 per 
cent, alcohol, and i^eadily soluble in chloroform and in a mixture 
of glycerin, water, and alcohol. Digilonine forms colourles.s ncedle% 
or wart-like structm'es, which soften and turn yellow above 235°, 
without showing any sharp melting-point. It is only sparingly 
soluble in water, ether, and chloroform, but dissolve's in 57 parts of 
absolute alcohol, with more difficulty in dilute alcohol, and more 
readily in a mixture of alcohol and chloroform. It can ofly be 
extracted with difficulty by chloroform, but more easily by amyl 
alcohol. True digilaline forms white needles, partly united into 
wart-like masses ; it sinters at 210° and melts at 217°, meanwhile 
turning yellow. In the pure condition it dissolves with difficulty 
in water (in about 1000 parts) and in ether, but is more .soluble in 
alcohol and in chloroform. Amyl alcohol is the best solvent lor its 
extraction. Digitaleine is an amorphou.s wdiitc powder with a bitter 
taste; it dissolves in 600 parts of water, and is soluble in alcohol 
(the solution decomposes after some time), readily soluble in chloro¬ 
form, but insoluble in petroleum spirit. Digilalin Homotk is a yellow 
powder, soluble in alcohol and chloroform and in 2000 parts of water, 
but dissolving with difficulty in ether. (Jenmn dtgiUilim is a yellow¬ 
ish-white powder, which dissolves in cold water to form a neutral, 
turbid, bitter solution, which froths strongly when shaken. It is 
completely soluble in alcohol and amyl alcohol, partially soluble in 
ether, benzene, and chloroform, and insoluble in petroleum spirit. 

4. Behaviour towards concenlraled hydrochloric acid. When 
heated with concentrated hydrochloric acid digiloxiue gives a green 
to brownish-green coloration. On heating digilonine with hydro¬ 
chloric acid of sp. gr. 1'19 for five minutes on a boiling water bath 
the solution becomes yellow, then darkens and changes to red, to 
deep garnet-red, and finally shows an indication of blue. On dilut¬ 
ing the liquid, after cooling, with four times its volume of water a 
blue solution with red fluorescence is obtained; the colour soon 
fades and the liquid becomes turbid (C. C. Keller i). True digihdiw 
dissolves, forming a golden yellow solution, which becomes brown on 
heating. Digitaleine gives a pale yellow solution. 

5. Behaviour towards concenlrdlcd sulphuric add. Digilonine 
dissolves in concentrated sulphuric acid to form a bright red solution, 
which gradually darkens, and fitSlly becomes reddish-violet. The 

4 ' Zeitsch. umd. Vhem., 39,529 (IDOO), 



SKO. 226 


DIGITALINE 


907 


coloration is obtained with 0 02 mgrm. (Dragendorli i). True 
difjUalirie dissolves in sulphuric acid, forming a greenish-yello# 
solution, the colour of which changes successively to golden-yellow, 
brownish-yellow, and red, and becomes a fine bjtie on the addition of 
« small amount of nitric acid or bromine water (Grandeau’s reaction), 
or oi ferric chloride. Diijitaleine gives a reddish solution with concen¬ 
trated sulphuric acid, and in Grandeau’s reaction a violet coloration, 
Vhich changes to emerald green on dilution with water. Ttifiitalin 
Ilotmlle is dissolved by concentrated sulphuric acid, to form a brown¬ 
ish-black solution, which gradually changes to brownish-red and 
finally to scarlet. OeriiMii diyit<dinc gives a reddish-brown solution 
with concentrated sulphuric acid, the colour changing after some 
time into cherry-red. The .solution gives Orandeau’s reaction, the 
colour becoming green on the addition of water. 

C. Binz’s - method of a] i plying Grandeau’s reaction is to treat 
the substance in a test-tube with 3 c.c. of concentrated sidphuric 
acid and three drops »f isjld saturated bromine water. In his 
e.vpericnce Grandcau's reaction is by no means characteristic of the 
digitalis glucosides. It is also obtained, c.y. with saponine, salicine, 
benzaldehyde, oil of turpentine, camphor, veratrine, brucine, and 
many other substances 

G. Lafotis rcuctivH.'^ X small quantity of the glucoside is mois¬ 
tened with a mixture of equal jiarts of cooicentralcd sulphuric acid 
and alcohol, and the mixture heated until a yellow coloration appears, 
and then treated with a drop ol ferric chloride solution. Digiloxinc 
and dUjilalin Honudlc give a bluish-green coloration, whilst, according 
to Dragendorff,* German diijiudinc does not give the reaction. 

7. Kilkmi's reuction.^ A little of the glucoside powder under 
examination is treated with 4 to 5 c.c. of a mixture of 100 c.c. of 
pure concentrated sulphuric acid, to which has been added 1 c.c. 
of a ferric sulphate solution prepared by dissolving 5 gnus, of com¬ 
mercial pure ferric sulphate in 100 c.c. of water. The lumps formed 
under the influence of the acid arc finely divided by means of a glass 
rod, and so made to dissolve. The following phenomena arc ob¬ 
served : Digitojrine immediately becomes quite dark, as though 
completely carbonised ; a clear dirty brownish-red solution is then 
formed. Digilonine does not produce any coloration, and even 

^ Zeitsek. anal. Cbem., 36, 7f2, (1890). 

* Ibid., 45, 144 (1006); 50, 68 (1011). 

“ Ibid., 25, 667 (1886). • 

‘ im., 35, 743 (1806). 

“ Arch. d. Pharm., 234, 273 (1806); Zciisch. anal. Clttip., 36,71. 
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when large amounts of substance arc used a faint yellowish tint at 
ftost is jiroducod. True digilaline at first produces an intense golden- 
yellow coloration, and then dissolves, forming a red solution. This 
colour rapidly changes into a fine reddish-violet, which la.st8 for days. 
If somewhat too much glucosidc was used, the whole solution remain# 
red, but on then shaking the licpiid the thinner layer which is formed 
on the surface will invariably show the reddish-vjolet coloration. 
According to 11. Otto this reaction also enables true digitalinc to be 
identified in dv/ilidin Jhmolle, although in that case a pure reddish- 
violet coloration is not produced, owing to the ])tesenco ©f the 
digitoxine, which gives a brown coloration. In his expericitcc, 
German di(i 'U<dine also finally gives a reddish-violet coloration with 
the acid containing iron, although this is not so pronounced as in 
the case of true digitalinc. 

8 . Readion qf Keller and Kilianid This reaction requires not 
only the concentrated sulphuric acid containing iron (as in 7), but 
also glacud acetic acid, to each 100 c.c. of which has been added 1 c.c. 
of the ferric sulphate solution described in 7 (any turbidity of the 
glacial acetic acid caused by the addition does not interfere with the 
test). A trace of the glucoside under examination is dissolved in .'1 
to 4 c.c. of the glacial acetic aei<l containing iron, and an equal volume 
of sulphuric acid containing iron is introduced beneath the liquid. 
In the presence of digitu.mie a very dark zone is immediately pro¬ 
duced at the junction of the two layers ; after about two minutes a 
blue streak is formed above this, and after standing about .10 minutes 
the whole of the glacial acetic acid shows a deep indigo-blue colora¬ 
tion. In the course of several hours this colour changes to a pro¬ 
nounced bluish-green. The sulphuric acid, however, shows little, if 
any, coloration. Digitonine docs not give any coloration in this 
test.2 True digUaline, under the same conditions, imparts a colora¬ 
tion only to the sulphuric acid, and behaves in the same way as in 
the absence of glacial acetic acid (c/ 7). Digitaleinc is said to be 
recognisable by the formation of an intense red zone. A mixture 
of true digitaline and digitoxine, as also digilalin Iloniallc, gives a 
reddish-violet coloration to the sulphuric acid, while simultaneously 
the glacial acetic acid becomes indigo-blue. Germin digilaliw gives 
a coloration only to the sulphuric acid, but not to the glacial acetic 
acid (R. Otto ®). *' 

> Arch. d. Pharm., 234, 27,5 (189«)j Zcilesch. anal. Chem., 36, 72. 

® Zaitsch. ami. (‘hcm.y 36, 72 (1897). 

^ AnleUnng zur AuMmitleluii'fj dcr (HJk, 7th t*d., p. 287 (1890). 
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Certain preparations of (‘inchona bark also give a similar reaction, 
which is to he attributed to the tannic acid contained in thenti 
since the pure alkaloids do not show the reaction (Beitter i). 

9. A solution of 0’5 gnu. of seknious acid ^ 2 ^ 003 ) in 100 grras. 
*)f concentrated sulphuric acid gives with Merck’s “ pure digitaline ” 
a yellow coloration in the cold, the colour immediately changing to 
red, and tlum gradually fading. When heated, the solution becomes 
%luish-violet arfd then brow'n (Mecke 

10. PcUenkofer's null rcaclwnA A trace, of purified ox-gall (the 
ofHciijpl prej)aration) is dissolved in a little concentrated sulphuric 
acid in a small iiorcclain basin, care being taken that the temperature 
does not exceed 00° to 70°. The solution under examination is then 
added, drop by drop, while the liquid is carefully stirred with a glass 
rod. True, digitaline gives a (Inc rad coloration, as does also digi- 
taleine, but not digitoxine. Kundamentally, the reaction is produced 
by the .sugar liberated from the. glucoside ; hence, it is also obtained 
with other glucosides, with sugar, and wiWi furfural. 

11. Trapp's reaction When digitaline (no further differentia¬ 
tion is indicated) i.s treated with 5 c.c. of water, the same amount of 
phosphomolyhdic acid solution added, and the mixture heated on the 
water bath until a green coloration appciars, and then cooled and 
treated with ammonium chloride, a blue coloration is |)roduced. If 
the liquid is then again heated on the water bath, it is decolorised. 
The reaction is also given by many other substances, as, for example, 
saponine, morphine, heroine, strychnine, aniline hydrochloride, 
phenacetin, etc. ((!. Binz^). 

12. A drop of a fairly concentrated solulicffi of cobaltous nitrate is 
placed on an object glass and allowed to evaporate at a gentle heat, 
until a deep blue coloration i.s 2 )roduced. If this residue is moi.stened 
with glacial acetic aci<l, rubbed with diqitonine, and the raoLst mass 
allowed to stand, it becomes hygroscojiic, and again a.ssumes the red 
colour of cobaltous nitrate. After standing for 24 to ,‘)0 hours 
ex{)osedto the air, large well-formed pink crystals sejiarate from the 
deli(iuescent mass ; when examined under a moderate magnification 
these are seen to consist of transparent hexagons (C. Keichard ®). 

13. The most important test for digitalis poisoning is a physio¬ 
logical experiment. Digitalis cardiac poisons, when subcutaneously 

* Zeilsch. anal. 38,641 (1899). 

2 Zeitsch. djfentl. Chem.. 5, 351 (1899). 

^ Ann. d. Vhem.. 52#90 (1844), 

^ ZeiUoh. anal . Chem., 45,144 and 786 (1906). 

Ibid., 56, 175(1917). 
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injected in aqueous solution into a frog, cause, even in a dose of 
♦bout 1 mgrnl., retardation of the action of the heart, and arrest of 
the heart in systole, i.e. stoppage during a contraction phase of the 
heart’s pulsation. 

Sec. 227. 

3. Picrotoxine, CsoHjiOis. 

( i. 

1. Picrotoxine is the poisonous principle of Cocculus indicus, the 
seeds of the so-called Indian berry, Anamirla paniculata (Nnt. Ord. 
Menisperinacecp). It is not an individual chemical substance," but a 
complex—^probably mixed crystals-r-of two substances which 
crystallise together— picrotoxim, CisHieOs) ^>^<1 picrotine, Ci 5 llig 07 
(Meyer i)—^and may be dis.sooiated by treatment with benzene, and 
still more readily with chloroform (E. Schmidt 2). Picrotoxine has 
a poisonous action, and is the main representative of the so-called 
“ brain-convulsion poisons.” The toxic action is associated with 
the picrotoxininc group ; picrotine is not jfoisonous. Picrotoxinine 
is stated to show all the chemical reactions of picrotoxine. 

Picrotoxine crystallise.s in colourlc.ss needles usually grouped into 
stars. It is odourless and has a neutral reaction, but has a very 
bitter taste. It is .soluble in .3.50 jjarts of water at 20°, and in 2.5 
parts of hot water. On cooling or evaporating its aqueous solution, 
it crystallises in needles. It dissolves readily in hot alcohol. A 
concentrated solution forms a lustrous mass on cooling, whilst 
dilute solutions leave lu.strous needles when evaporated. I’iiuo- 
toxine dissolves with difficulty in ether and chloroform, but fairly 
readily in amyl alcohol and glacial acetic acid. Picrotoxine is 
extracted from its acidified aqueous solutions by shaking with other, 
chloroform, or amyl alcohol (but not with benzene or petroleum 
spirit). On the other hand, it is only extracted in traces from alkaline 
solutions by ether, chloroform, or amyl alcohol. On evaporating 
the ethereal solution the picrotoxine is left in the form of a powder 
or crystalline scales. It is laivo-rotatory : [a]D=about —30° (in 
alcoholic solution). It melts at 199°-200°, and on melting yields 
inflammable vapours. 

2. Acids do not neutralise picrotoxine ; nor, with the exception 
of acetic acid, do they increase its solubility in water. 

3. Potassium hydroxide, sodium h^roxide, and amnwnia solutions 
dissolve picrotoxine abundantly, ^cids, including carbon dioxide, 

1 Ber., 7, 16 (1897). 

> Arm. i. C7iem., 222, 340 (1884). 
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rc-precipitate it from fresbly-prepared solutions. Alkaline solutions 
of picrotoxine gradually change, even at the ordinary temperature# 
when heated they become yellow to yellowish-brown. 

4. On treating picrotoxine with concentrajjd sulphuric acid it 
dissolves, forming a safEron-yellow solution ; on now adding a trace 
of potassium dichromate, a violet-red coloration, changing finally 
to apple-green, is produced (Kohler). Frdlide’s reagent (Sec. 213, 11) 
acts upon picrotfoxine in the same way as concentrated sulphiuric acid. 

5. When picrotoxine is moistened with a little concentrated nitric 
acid, ^e mixture heated on the water bath until dry, and the 
residue moistened with the smallest possible quantity of concentrated 
sulphuric acid, and then treked with an excess of strong sodium 
hydroxide solution, a brick-red coloralicjn is produced. A faint 
reaction is obtained even with O'l mgrm. The colour gradually 
disappears (Ijaugley,i Dragendorff). 

6. A solution of ammonium vanadate in concentrated sulphuric acid 
(1 : 100) gives a faint brown coloration with picrotoxine. The colour 
gradually darkens and, after a considerable time, becomes dark green. 

7. Freshly-precipitated lead hydroxide, when shaken for a con¬ 
siderable time with an a(iuoou3 or alcoholic solution of ])icrotoxine, 
extracts the whole of the picrotoxine. The compound, separated 
by filtration, pressed between filter paper, and then treated with 
concentrated sulphuric acid, becomes fir.st yellow, then, on standing 
for some time, yellowish-red, and, after moderate heating, violet- 
red (Palm). Picrotoxine is precipitated by lead acetate from an 
aimnoniacal solution. 

8. Slightly alkaline solutions of picrotoxine reduce Fehling’s 
solution,, on heating, with the sejiaration of red cuprous oxide, and 
reduce ammoniacal silver nitrate solution (Sec. 225, 8), with the 
sojjaration of brown to black metallic silver. 

9. On heating a trace of picrotoxine with a few drops of sodium 
hydroxide solution to boiling-point, and then adding iodine-potassium 
iodide solution, drop by droj), iodoform is precipitated. This reaction 
depends upon the fact that acetone is liberated from picrotoxipe 
(Sielisch ^). 

10. If one or two drops of a freshly-prepared 20 per cent, solution, 
of benzaldehydc. in absolute alcohol are dropped on to a trace of picro¬ 
toxine, and a drop of pure con»entrated sulphuric acid is carefully 
added, the picrotoxine becomes distinctly red, and, on shaking the 

* Zeitach, anal. ctem., 2. 404 (1863). 

2 Ber., 46, 2566 (1912). 
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mixture, red streaks arc formed through the liquid, proceeding from 
the spot where the picrotoxine was placed. A blank test with benzal- 
dehyde and sulphuric acid must not be omitted (II. Melzor i). 
Cholesterol and phytostcrol behave like picrotoxine bcnzaldchyde 
(H. Kreis 2). On adding a drop of a 20 per cent, solution of anuiaUe^ 
liijde in absolute alcohol to a solution of pic.rotoxine in concentrated 
suphuric acid, after the appearance of the saffron coloration in (f), 
the granules of the substance will be surrounded by an indigo-violot 
zone, gradually becoming blue. 

11. Iodine in potassium iodide solution, platinum chloride, gold 
chloride, picric acid, and tannic acid do not precipitate picrotoxine 
from its solutions.^ 

12. Owing to the absence of any especially characteristic reactions 
for picrotoxine, a pligsiological test is of predominant importance in 
forensic cases. It is made by placing small fishes in a tap-\va1rcr 
solution ot the suspected substance separated in the course of 
examination. If picrotoxine is present the ffshes die after showing 
characteristic phenomena. 

D. Systematic Course for the Detection of the Ar.K.M.oins 
ItESCRIBEr), AND ALSO OF SaLICINE, DiOITAI-INK, AND PlCRO- 
TOXINK. 

In the following outline it is assumed that in the analytical 
course described in {«) and {h) one or more of the iwn-rolatile alhaloids, 
etc., described has lieen obtained in aqueous solution by means of 
an acid, and that the solution is free from foreign substances which 
could mask or othcrvfiso influence the reactions. Bubsequently, in 
(c) the most suitable methods arc described for eliminating the 
disturbing influence of colouring matters or o.xtractive substances, 
and lastly, the rolattk alkaloids are also taken into consideration. 
By this means a knowledge will have Ix'c.n acquired of the methods 
to be used in the forensic examination of food, drugs, vomit, contents 
of the stomach, cadaveric remains, etc., in which not only is the 
jirescncc of the above-mentioned disturliing foreign sub.stanc.es to 
be reckoned with, but the possibility of the presence of a far greater 
number of poisons than those described in Bees. 210 to 229 must 
also be taken into consideration. 

b 

1 Zeitack ami. Chem., 37, 361. 747 (1898). 

2 Chem. Zeit., 23,21 (1899). , 

® With regard to other reactions of picrotoxine, cf. C. Rcichard, ZeHseh. arwt. 
Chem., 52, 690 (1913), 
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(a) Detection of the specified rwn-volatile alkaloids in aqueous solutions 
in which only one of them is assumed to lx present. " 

Sec. 228. 

1. ,A portion of the solution is acidified with a drop of dilute suljihuric 

acid, and treated with a pota.ssiuni iodide solution of iodine or 
with phosphoinolyhdic acid solution. 

" (a) No pred^iiiate is formed. The absence of all alkaloids is 
indicated. Salicine, digitaline, and pioroto.xine may possibly 
be present. The analysis is continued at 5. 

(h) A precijntide is formed. There is reason to conclude that an 
alkaloid is present. The analysis is continued at 2. 

2. A portion of the aqueous solution is treated, drop by drop, with 

dilute potassium or sodium hydroxide solution, until the li<i[uid 
is only just alkaline, then stirred and allowed to stand for some 
time. 

(а) No qmoipitale is framed. 'This indicates with certainty the 
absence of all alkaloids it the solution was concentrated ; 
if, however, it was somewhat dilute, it may also remain 
clear in the presence of atropine. Further portions of the 
solution are, therefore, tested for atropine (if necessary 
after concentration by evaporation) by means of Vitali’s 
reaction, and by heating it with sulphuric acid, or by means 
of gold chloride (Sec. 22.3, 6, 7, and 9). 

(б) A precipitate is formed. Sufficient potassium or sodium 

hydroxide is added, drop by drop, to render the liquid 
strongly alkaline, and if this docs not, cause it to become 
clear, even on standing for a considerable time, additional 
water is added. 

(a) The precipitate disappears. This indicates morphine, 
cocaine, or atropme. A fresh portion of the solution 
is tested with iodic acid (See. 213, 18). 

(aa) Iodine is liberated. Morphine is indicated, t'oii- 
lirmatoiy tests are made as in Sec. 213, 7, 9. 11, 12, 
and 14. 

(fib) No iodine is liberated. Cocaine or atropine is 
indicated. Tests lor the former are made by 
decomposition with sulphuric acid, and by pre¬ 
cipitation from a slightly acid solution by means 
of potassium chrolnate (Sec. 214, 7 and 11). and for 
atropine as in (a). 


68 
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(fi) The precipitate does not disappear. This indicates a: 
alkaloid of the second or third group (with the exceptio 
of atropine). The analysis is continued at 3. 

3. A second portion of the original solution is treated with 2 or 

drops of dilute sulphuric acid, and then with saturated sodiui: 
hydrogen carbonate solution, until the acid reaction just dit 
appears. The sides of the vessel below the liquid are the 
vigorously rubbed, and the mixture allowed to stand for half a 
hour. 

(a) No precipitate is formed. The absence of narcotinc an 
cinchonine is indicated. The analysis is continued at 4. 
[h) .1 precipitate is formed. This indicates the presence c 
narcotine or cinchonine, and possibly quinine (the jjrecipit; 
bility of which by sodium hydrogen carbonate is entircT 
dependent on the state of dilution). A small portion i 
the original solution is treated with excess of ammmii' 
and then shaken with not too small a quantity of etlu 
containing about 2 per cent, of alcohol. 

(o) The. precipilulc first formed is dissoleed htj the ether, in 
two clear lutjers arc obtained. Narcotiue or quinine 
present. 'They may be differentiated by testing 
fresh portion of the original solution with chlorine wat 
and ammonia (Sec. 210, and Sec. 217, U). If t 
solution becomes yellowish-red, it contains nmcolin 
if green, quinine is present. As a confirmatory tc 
of the presence of narcotinc, Erdmann's i-eagent 
used ^cc. 216, 6), whilst the herapathitc reacti- 
i.s used for the identilication of quinine (tieic 21 
11 ). 

(^) The precipitule, first formed doe.s not dis,solve -in the eth 
Cinchonine is present. Confirmation is obtained 
determining its behavohu- on heating (See. 218, 2), 
on treatment with potassium fcrrocyanidc (tiec. 2 
10 ). 

4. A small portion of the original substance, or of the dry resic 

left on evaporation of the solution, is brought into contact wi 
concentrated sulphuric acid on a clock-glass. 

(«) A colourless or faint pink "olution is obtained, which bccor 
bright red on the addition of nitric acid. Brucine 
indicated. Confirmation is afforded by the reaction w 
nitric acid and stannous chloride (Sec. 221, 6). 
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(6) A yellow solution, gradually changing to yellowish-red, 
blood-red, and purple-red, is obtained. Verairinc is indi- • 
catcd. For confirmation, the test with sugar is applied 
(Sec. 222, 9). ^ 

c) A solution which remains colourless, oven after some minutes, 
is obtained. If, on the addition of a granule of potassium 
dichromate, a deep bluish-violet coloration is produced, 
strychn^ is indicated ; if no change takes j)laoe, quin ine is 
indicated. In the latter case confirmation is obtained by 
^the thalleioquin reaction (Sec. 217, 9). 

5. Ts ascertain whether the original solution contains salicine, 
digitaline, or picrotoxine, a portion of the original dry .substance, 
or of the dry residue left on evaporation of the solution, is 
treated with concentrated sulphuric acid. 

(а) The substance dissolves, forming a safl'ron-j'cllow solution ; 

on adding a trace of potassium dichromato a violet-red, 
and finally an ajjple-green coloration is produced. Piero- 
tivim is indicated, t'onlirmatory tests are made with 
nitric acid and sodium hydroxide solution (8ec. 227, 6) 
and with benzaldeliydc (Sec. 227, 10). 

(б) The substance immediately becomes blood-red, and is 

slowly dissolved, forming a red solution. Salicine, and also 
digitalis glucosides, may be present. 

(a) A fresh portion of the original substance is tested for 
salicine, by converting it into salicylic aldehyde, as in 
Sec. 22.5, f. 

(j8) Kiliani’s reaction with sulphuric #cid containing iron 
(8eo. 220, 7) and with glacial acetic acid (Sec. 220, 8) 
is applied. Diyitidis preparulioivi conhiiniiuj digi- 
toxine may thus be recognised by the respective colour 
reactions. If no coloration is produced, digitonine 
may be present; a test for it is made as in Sec. 
226, 12. 

(c) The substance dissolves, forming a reddish-brown solution, 
the colour of which changes to violet on the addition of a 
drop of bromine solution (.Sec. 226, .5). A digitalimprepara¬ 
tion is probably present ; the reaction may also be pro¬ 
duced by salicine and ♦ther substances. In this case, 
therefore, tests are also made as in (6), (a) and 03). 
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^ (6) Detection of the specified mn-volatUe alkaloids, etc., in aqueou 
solutions in which several or all of them may possibly be present. 

Sec. 229. 

1. The solution is rendered distinctly but not strongly acid wiil 

hydrochloric acid, shaken with one half to an equal volume o 
freshly rectified jnire ether free from alcohol, and the etherea 
extract separated from the aqueous layer, and Allowed to ovaflo 
rate in a glass dish. 

(d) No residue is left. True digitaline and picrotoxine an 
absent. The analysis is oo,ntinued at 2. • 

(b) A residue is left. The presence of true digitaline or of picro 
toxine may be inferred. The siiaking of the aqueous laye 
with ether is repeated, in order to extract as completely a; 
possible anything soluble in the latter, and the etherea 
extract seqiarated and allowed to evaporate. The aqueou 
layer is treated as in 2 , whilst the residue from the etherea 
extract, which may also contain traces of atropine, i 
treated as follows: 

(a) A portion is dissolved in alcohol, and the solutioi 
allowed to evaporate. 'I’he formation of long lustrou 
needles radiating from a point indicates the presence c 
picrotoxine. (’onlirmation is obtained by the reaction 
given in Sec. 227, and e.s])ecially the behaviour of tli 
substance towards ben/.al(leh^'de (fsec. 227, 10). 

(j3) A j)ortion is tested for true, diyilalhie, by means of su' 
phurie-acid containing iron (Sec. 220, 7). 

(y) The most certain method of detecting traces of atrojiin 
is to determine whether the aqueous solution of th 
residue has an enlarging effect upon the pupil of the ey( 
Vitali’s reaction (See. 22.‘), 0) may also be applied. 

2. The hydrochloric acid liquid separated after the extraction wit 

ether is shaken with chloroform, and the chloroform extrar 
filtered through a small filter moistened with chloroform, an 
evaporated at a moderate temperature. 

(o) No residue is left. Narcotinc, digitoxine, and true digitalir 
are absent. The analysis is continued at 3. 

(5) A residue is left. The slKaking with chloroform is rcpcatec 
BO as to extract everything soluble therein from the aqueoi 
layer. The latter is separated and treated as in 3. Tf 
chloroform extracts are. united and filtered, the filtrat 
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evaporated, and the residue taken up with a small amount 
of water acidified with hydrochloric acid. Any insoluble 
residue left may be digitoxine or true digitaline ; the liquid 
is filtered, and the residue tested in t^p same way as the 
residue from the chloroform solution in the following 
paragraph (a). The hydrochloric acid solution is rendered 
distinctly alkaline with potassium hydroxide solution. 

(a) No*precipitate is formed. Narcotine is absent. The 
solution is shaken with chloroform, the chloroform 
extract evaporated, and the residue tested for dii]i- 
loxinc and true, digitaline by Keller and Kiliani’s reaction 
(Sec. 226, 9). 

(/8) yi precipitate is fanned. The presence of narcotine 
is indicated. 

(aa) The precipitate is filtered off, slightly washed, 
and dissolved in chloroform, and the chloroform 
evaporated. Confirmatory tests for narcoline are 
made as in See. 210, 0 and 9. 

The filtrate from the precipitate is shaken with 
chloroform, and the chloroform extract evaporated. 
If any residue is left, it is tested for digiloxim and 
true digitaline as in (a). 

3, A portion of the residual hydrochloric acid liquid left after the 

shaking with chloroform in 2 is treated with a potassium iodide 
solution of iodine, and another portion is treated with phos- 
phomolybdic acid. 

(a) Precipitates are produced htj time, reaget^s. The presence of 
alkaloids is indicated. The analysis is continued at 4. 

(/)) No precipitates are fortned. Alkaloids are absent. The 
liquid is examined for salicine at 7. 

4. A small portion of the aqueous liquid left after the extraction with 

chloroform in 2 is rendered just alkaline with sodium or potas¬ 
sium hydroxide, a note taken whether a precipitate is formed, 
a large e.xcess of the alkali hydroxide solution added, and-the 
liquid allowed to stand for a considerable time, and then 
diluted with a little water. 

(a) No precipitate is produced by potassium or sodium hydroxide 
solution, or any precipitmle formed redissolves. This indi¬ 
cates the presence of atrmnne, morphine, or cocaine, and 
the absence of all other afiraloids. A fresh portion of the 
neutralised aqueous solution is treated witjj excess of 
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sodium or potassium hydrogen carbonate solution, stirred, 
and allowed to stand for some time. 

(o) No jirecijritatc is formed. Morphine is absent. A 
portien of tlie aqueous liquid is treated with excess of 
alkali hydroxide solution (with which it will remain 
clear or become clear again), and shaken with ether, 
and the ethereal extract evaporated to see whether it 
loaves a residue of atropine (Sec. 2211, 6, 7, and 9). 
Another portion of the original still acid liqtiid i.s 
shaken with amyl alcohol, and the extract evaporated 
to see whether it leavqs a residue of cocaine (Seo,*214, 
11 and 18). 

(j8) A precipitate is formed. The presence of morj)hine i.s 
indie,ated. The liquid is filtered from the precipitate, 
which is birther examined as in Sec. 213, 7, 9, 11, 12, 
and 18. In testing for atropine and cocaine, how¬ 
ever, fresh portions of the original still acid liquid 
which has been .shaken with ether as in (a), are 
used. 

(b) A precipitate is produced by sodium or potassium hydroxide 
which does not dissolve in excess of the. precipitant, even aftc 
standing for some time and moderate dilution. The greate 
portion of the residual acid aqueous solution loft from th 
extraction with chloroform (in 2) is also tre.ated witj 
alkali h)-droxidc solution, and the precipitate filtered oil 
and treated as in .9. The alkaline filtrate is shakcti wit 
ether, allowed to stand for an hour (so that morphine 
which dissolves at first in the ether, may separate agai 
as completely as jiossible), the ethereal Layer separ.ate 
from the aqueous layer and evaporated, and the rcsidu 
te.stod for atropine as in Sec. 213, (i, 7, 9 ; any morphine i 
the alkaline aqueous layer is then preeijutated by th 
introduction of carbon dioxide (Sec. 213, 4). Furthe 
tests are made according to Sec. 213, 7, 9, 11, 12, and 11 
In testing for cocaine a fresh portion of the original aci 
liquid is shaken with amyl alcohol (see (o) (a)). 

5. The precijiitate obtained in 4 (6) is filtered off, washed with col 
water, and dissolved in dilute sulphuric acid, so that the solutio 
contains a sight excess of^aoid, and the liquid rendered juE 
alkaline with sodium hydrogen carbonate solution, vigorousl 
shaken, and allowed to stand for an hour. 
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(а) No precipitaie is formed. Oinohonine is absent. The 
solution is boiled until evaporated almost to dryness, and* 
the residue is taken up with cold water. If nothing remains 
undissolved, the analysis is continued^at 7. If, however, 
there is an insoluble residue, it is tested as in 6 for quinine 
(a small quantity of which might be present), and for strych¬ 
nine, brucine, and veratrine. 

(б) A preci^late is formed. This may contain cinchonine and 

also quinine (Sec. 228, 3 (h)). 'The liquid is filtered, 
the filtrate treated as in ,5 («), and the precipitate as 
follows :— 

It is washed with cold water and dissolved in a little 
hydrochloric acid, and the solution treated with exces.s of 
ammonia, and then with not too small a quantity of ether 
containing 2 per cent, alcohol. 

(a) The precipitate produced die.solves completely in the. 
ether, .so thoUtwo clear layers are. formed. This indicates 
the absence of cinchonine and the pre.sence of quinine. 
As a confirmatory test, the ethereal solution is evapo¬ 
rated, the residue dissolved in hydrochloric acid, and 
the thalleioquin reaction apjilied (Sec. 217, 9). 

(P) The. precipitate produced docs Slot dis.sohe or only dis¬ 
solves incompletely in ether. Cinchonine, (and possibly 
also quinine) is present. The liquid is filtered, and the 
filtrate evaporated to drync.ss. If a residue is left, 
it is dissolved in hydrochloric acid, and tested for 
quinine by means of the thalli^oquin reaction (Sec. 
217, 9). The precipitate is cinchonine, and may be 
further examined as in Sec. 218, 10. 

6. 'The residue, insoluble in water, obtained in 5 (a) by evaporating 
the liquid which was treated with sodium carbonate, is washed 
with water, and tested for quinine (a small quantity of which may 
be present), strychnine, brucine, and veratrine as follows ;— 

It is dried on the water bath, and digested with absolute 
alcohol. 

(a) It dissolves completely. This indicates the absence of 
strychnine and the presence of (quinine) brucine or vera¬ 
trine. For the identififation of these the alcoholic solution 
is evaporated to dryness on the water bath, and, if quinine 
has already been detectlSi, the residue is divided into two 
parts, one of these tested for hrsmne by means of nitric 
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acid and stannous chloride (Sec. 221, 6), whilst the other 
is tested for verairine by means of concentrated sulphuric 
acid (Sec. 222, 7). If, on the other hand, quinine has not 
yet been found, the residue is divided into three parts, a, h, 
and c, and a and 6 te.stod re.spectivcly for brucine and vora- 
trine as described, whilst c is tested for quinine by means of 
chlorine water and ammonia. In the presence of brucine, 
however, c must be treated with absolute ftthcr, the result¬ 
ing ethereal solution evaporated, and the residue tested 
for quinine. 

(6) It does not dissolve, or at all events not completely. .The 
presence of strychnine, and po.ssibly also of (quinine) brucine 
and veratrine, is indicated. The lupiid is filtered, and tests 
for (quinine) brucine and veratrine applied to the filtrate 
as in G (a), whilst as a confirmatory test the preci])itatc is 
tested with sulphuric acid and potassium diohroniate 
(,Seo. 220, 8). 

7, It still remains to test for snlrcine. For this purpose the remainder 
of the acid aqueous solution (2), which was shaken with chloro¬ 
form, is treated with a little more hytlrochloric acid, and boiled 
for some time. If no precipitate is formed, the absence of 
salicinc is indicated, whilst the formation of a preeijiitate shows 
that it is |)resent. Confirmation is obtained by boiling the 
liquid with a little potassium dichromate (Sec. 22.5, -1), and by 
testing the original substance with concentrated sulphuric acid 
(Sec. 225, .I). 


(c) Detection of alkaloids in food, cadaveric remains, and the like. 

The detection of poi.sons in food, in the contents of a stomach, 
cadaveric remains, etc., is very much nrore difficult than under the 
conditions hitherto assumed to be iiresent, for there is no simple 
method of definitely deciding by means of a preliminary test whether 
or no poison is present. Hence, in all cases it is necessary to attempt 
to separate any poison which may be present from the mucilaginous, 
extractive, and colouring substances which accompany it in the 
material under examination, before it is possible to ascertain which 
specific poison is present. .p 

In the following sections we give, outlines of different methods 
which may be used for scparatifig alkaloids from other substances 
and for drying them. We restrict ourselves, however, in Sec. 230 
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to the alkaloids described in this book, with the addition of pioro- 
toxine and true digitaline.> , 

This scheme is therefore particularly suitable for a practical 
introduction to such examinations, but it is oTily exceptionally suf- 
.ficiently comprehensive to be applicable to the detection of poisons 
in actual cases, i.e. in chemical forensic investigations, because, on 
the one hand, it does not deal with all the poisons possibly present, 
^nd on the oifcer, does not take into cx)nsideration the ptomaines 
which may be present in cadaveric remains, etc., and may be mis¬ 
taken^ for alkaloids. 

• Hence, if the case is not so simple that the examination may be 
restricted to the alkaloids of nmre frequent occurrence, special 
works which take into consideration all the above-mentioned points 
must be consulted in chemical forensic investigations of this kind.^ 
In order to give some idea of the methods of examination to be 
used in such cases, we give at the end of Sec. 230, and in Secs. 231 to 
233, a few general details of the process. 

Sec. 230; 

1. J. S. Stas’3 Method o! detecting Poisonous Alkaloids, also 
True Digitaline and Picrotoxine, modified by J. and R. Otto.* 

Stas' method is based upon the following principles ;— 

(a) Acid salts of alkaloids are soluble in water and alcohol. 
(fi) Neutral and acid salts of alkaloids are mostly insoluble 
^ The consideration of the other digitalis glucosidcs is omitted, because 
otherwise tho course of tho examination would bo rendered infinitely more 
complicated. 

- In particular tho following may bo mentioned ; Fr. Jul Otte, Anleiturtg 
zur Ausmitiduihg der (rifle, 7th cd., revised by K.^Otto, Braunschweig, 1896. 
G. Dragendortf, Beitriigc zur gerickllichcn Chemie einzelner organtscher CHfie, 
Gottingen, 1872 ; Bcitrage zur ge.richUichen (Jhemie, Petrograd, 1884 ; Arch. d. 
Phartn., 233, 612 (1^95), and 234, 65 and 81 (1896); Gerichtlick-c'hemiEch^ 
Ermitfelung von Oijlen, 4th ed., Gottingen, 1895 (no new edition published). 
F. L. Sonncnschein, Hnndhuch dcr genchlhchen (Jhemie, 2nd ed., revised by A. 
Classen, Berlin, 1881. L. l.<cwin, Lehrbvch der To.cikologie, Vienna and Leipzig. 
1897. R. Kobert, Lehrbuch der Intoxtkationen, 2 vols., Stuttgart, 1906. C. 
Kippenbergor, Gnindidgcn fur den Nachweis von (hflstoffen bci ge.richtXxch-chem- 
ischen Untersuchungen, Berlin, 1897. G. Baumert, M. Dennstedt, and F. Voigt- 
liinder, Lehrbuch der gerichthchen Chemie, 2 vols., Braunschweig, 1906 to 1907. 
J. Gadamor, Lehrbuch der chemischen Toxikologie und Anieitung zur Ausmithlung 
der (rifle, Gottingen, 1900. W. Autenricth, Die Anff iidung de,r Gifte und stark 
wirkenden Arzneisioffe, 4th cd., Tubingen, 1909. C. Tpsen, Der chemische 
Oiftnachweis, Wiesbaden, 1914. With regard to plomuiTies, cf. tho comprehen¬ 
sive statements of Otto on pp. 100 to 118 of his book mentioned above, and those 
on pp. 631 to 662 of Gadamer’s boo®. 

® BuU.deVAead. Afcd. Re/g.,2,304; Jahrb. prakt.Pharm., 24,313 ; Jahresher. 
von Liebig and Kopp, 1861, 640. # 

* Ann. d. Chem., 100,44; Fr. Jul. Otto, Anleiiung zur Ausmittelung der CUfte, 
7th ed., revised by R. Otto, pp. 418 e< seq., Braunschweig. 
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in ether. Hence, the alkaloid salts do not, as a rule, 
pass into the ethereal solution when neutral or acid 
solutions are shaken with ether, and consequentfy the 
alkaloids pass into the aqueous solution as acid sul¬ 
phuric acid salts when the ethereal solution of purs- 
alkaloids is shaken with dilute sulphuric acid. 

(y) If aqueous solutions containing neutral or acid salts 
of the alkaloids are treated with pure alkali carbonates'; 
or alkali hydrogen carbonates, the alkaloids are libe¬ 
rated, and if then shaken with ether or amyl a'cohol, 
the pure alkaloids pass i^to the ethereal or amyl alcohol 
solutions respectively. 

The few exceptions to these general principles may 
be gathered from the following remarks :— 

(o) If the alkalbid is to be detected in the contents of a stomach 
or intestine, in food, or pasty substances generally, these 
are heated beneath a reflux condenser at 70'’-79 “ with 
twice their volume by weight of strong pure alcohol 
(previously rectified over tartaric acid), sufficient tartaric 
acid being added to give the liquid a distinctly acid reactio)i 
(a greater excess must bo avoided). When quite cold, the 
mixture is filtered, and anything that has remained undis¬ 
solved washed with strong jiurc alcohol. 

If the bases are to bo detected in the heart, liver, lungs, 
or similar organs, these should be cut uji into small pieces, 
digested with alcohol which has been acidified in the manner 
described abqvc, and pressed, and this treatment repeated 
until everidhing soluble has been extracted ; the combined 
liquids, when absolutely cold, are filtered. 

(h) The alcoholic liquids are now concentrated by evaporation 
at a low temperature. This can be done in a porcelain 
dish on the water bath, the water of which is not allowed 
to exceed about 80°. The temperature of the contents 
of the dLsh will then not exceed 40°-r)0°. If it is desired 
to keep the temperature still lower, the evaporation is 
accelerated as much as possible by blowing air diagonally 
on to the surface of the liquid. According to Stas the 
temperature should not exceed 35°. He therefore suggests 
carrying out the evaporation in a desiccator over sulphuric 
acid, with or without the aid of a vacuum, or else in a retort, 
through the tubulure of which a current of air is introduced. 
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Such a precaution, however, is only necessary under 
exceptional conditions, and in any case the main quantity 
of the liquid may first be evaporated on a moderately 
heated water bath. 

If, in the evaporation, insoluble substances, fat, etc., 
separate (which is generally the case), the solution freed 
from alcohol by evaporation is filtered through a filter 
moistened with water, and the filtrate, together with the 
washings, evaporated by one of the methods described above, 
until it is of the consistency of an extract. If no insoluble 
substances separate on the evaporation of the alcoholic 
liquid, the evaporation to such consistency may be elleoted 
beforehand. 

(c) The residue from the evaporation is treated with successive 

small quantities of cold absolute alcohol, to effect complete 
extraction, thoroughly mixed, and finally a large amount 
of alcohol added, in order that everything prccipitable in 
it may separate. The alcoholic extract is filtered through 
a filter moistened with alcohol, the residue washed with 
cold alcohol, the alcoholic solution allowed to evaporate 
at not too high a temperature (mde supra), the residual 
acid re.sidue taken up with a little water, and the acid 
solution shaken with ether (after the greater portion of 
the free acid has been neutralised with dilute sodium 
hydroxide solution), so that the reaction is slightly but 
distinctly acid. The ethereal layer is separated from the 
aqueous layer by means of a separating funnel or a burette 
jirovided with a glass tap, the acid aqueous solution 
repeated by shaken with ether until the last ethereal extracts 
appear colourless. In this process it is better to use a cylin- 
dric.al rather than the ordinary globular sejiarating funnel. 

Of the alkaloids, etc., under con.sidcration here, the 
ether extracts, apart from colouring substances, picrotoxine 
and true digitalinc, and also traces of veratrine and atro¬ 
pine. It is advisable to reserve the first strongly coloured 
and the last less strongly coloured ethereal solutiopg for 
firrther examination (cf. (h)). 

(d) The aqueous acid s*iution, separated from the ether, is 

gently heated, in order to free it from the still dissolved 
ether, and then carcftlly treated with sodium hydroxide 
solution until turmeric paper becomes decidedly brown. 
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The alkaloids are thus liberated, and any morphine present 
dissolves in the excess of sodium hydroxide solution. The 
alkaline liquid is shaken with pure ether and, after an hour, 
the ethereal extracts separated from the aqueous liquid 
as in (c). The ethereal extract now contains all the alkaloids . 
present, with the exception of morphine, only a small 
portion of which passes into the ethereal solution. The 
quantity is smaller the more completely thefcacid aqouous* 
solution was freed from the ether dissolved in it, and the 
longer the time that elapsed between the shaking^ with 
ether and the separation of the ethereal layer from tbe 
aqueous liquid. A portion of the ethereal extract is next 
allowed to evaporate on a large clock-glass, which is placed 
on a surface heated to 20“ or 30“, in order to prevent con¬ 
densation of water. If no residue is left, no alkaloid has 
dis.solved in the ethereal solution, and the process is eon- 
tinuod at ( 3 ) ; if, however, a residue does remain, numerous 
conclusions may be drawn from its character. In particular, 
oily streaks on the clock-glass, which gradually agglomerate 
to form a drop, and whicli on heating emit an unpleasant 
penetrating and suffocating odour, point to a licpiid volatile 
alkaloid, whereas a solid residue, or a turbid liquid in which 
•solid particles are suspended, lead to the assumption that 
a non-volatile solid alkaloid is present. Fii'st of all, the 
aqueous solution, rendered alkaliiu;, is again shaken with 
a fairly largo quantity of ether (provided the ethereal 
extract yielde^ a residue) until a .samjile of the last ethereal 
extract no longer leaves a residue on evaporation. The 
combined ethereal extracts are then evaporated in a small 
glass dish on the water bath (containing water at about 30°), 
and as the liquid evajxjrates the dish is repeatedly filled up. 

The aqueous alkaline solution, which contains any 
morphine that may bo (U-esent, is separated from the 
ethereal extracts and examined as in ( 7 ). 

(c) If the acid aqueous solution has been thoroughly and com¬ 
pletely extracted with ether in (c), the alkaloids are left in 
so pure a condition after evaporating the ethereal extract 
obtained in (d) that the rc^due may be used directly for 
the purpose of tests. In particular, the portions which 
remain in the deepest pai^ of the dish are purer than the 
rings formed above it. If the residue is left in oily streaks 
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or drops, the dish is finally placed in a vacuum over sulphuric 
acid, in order to remove the last portions of sther aifli 
ammonia, and the residue tested for coniine and nicotine 
as in Sec. 212. If it is crystalline, it \s examined under the 
microscope, and then tested as in Sec, 228 or 229, provided 
the characteristics of the crystals do not justify a direct 
test for a definite alkaloid. It must be noted, however, that, 
if al?the extractions in Sec. 229 were not carried out, tests 
for narcotine must be applied in another place than that 
chosen in Sec. 229 when the course of extraction selected 
here is used. It nmy be found with the quinine in the 
ethereal solution of Sec. 229, 5 (b) (a). This ethereal 
solution is evaporated, and the residue taken up with a 
little liydrochloric acid and sufficient water to dilute the 
liquid to at least 1 : 209 ; sodium hydrogen carbonate is 
then added until the reaction is neutral, and the liquid 
allowed to stand for some time. A jirecipitatc indicates 
narcotine; conlirniation may be obtained as in Sec. 216, 
6 and 9. The liquid, still clear or else filtered from the 
precipitate, is evaporated to dryness, and treated with water. 
Any undissolvod particles left are dissolved in hydro¬ 
chloric acid and tested for quinine by means of the thallcio- 
(juin reaction (Sec. 217, 9). 

It the residue left on the evaporation of the ethereal 
extract obtained in (d) does not fornv oily streaks or distinct 
crystals, but amorjihous rings (which may happen if the 
evaporation was carried out too rppidly with the aid of 
heat), they are dissolved in a little warm absolute alcohol, 
the solution slowly evaporated, and note taken whether 
small crystals are then formed, and the treatment of the 
residue continued as described above. 

(/) If, however, the acid aqueous liquid was not completely 
extracted with ether in (c), the re.sidue obtained on 
evaporating the ethereal extract derived from the alkaline 
solution will often not be sufficiently pure to be subjected 
to direct examination. In that case, it is dissolved in 
water (acidified with a little sulphmic acid), the solution 
filtered if necessary, f nd the acid fdtrate shaken repeatedly 
with ether. (The ethereal solution thus obtained may 
contain the remainder oi the true digitalino and picrotoxine, 
• and should be exsenined as in {li) in the same way as that 
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obtained in (c).) The aqueous solution (after it has been 
freed from dissolved ether by gentle heating) is neirt 
treated with a considerable excess of potassium or sodium 
hydroxide, and repeatedly shaken with ether (the pre¬ 
cautionary measures mentioned in (d) being observed), 
until the last extract no longer leaves a residue on evapora¬ 
tion. The ethereal extracts are evaporated as described 
in (d), and the alkaloid residue, now pure,“treated as in' 
(c),i whilst the aqueous alkaline solution, which may contain 
traces of morphine, is combined with that obtained in (d). 
(g) The aqueous alkaline liquid obtained in (d) or in (d) and (d), 
in which all or the greater part*of any morphine present must 
be contained, is freed by gentle heating from the ether 
dissolved in it, and treated, first with hydrochloric acid 
until the reaction is acid, then with an excess of ammonia, 
and directly afterwards witlx freshly-rectified pure amyl 
alcohol,2 and then shaken. Since pxorpidne dissolves more 
readily in hot than in cold amyl alcohol, it h advisable to 
heat the solution by dipping the fla.sk in hot water, then 
to add the amyl alcohol, to close the flask, to shake it 
(lifting the stopper occasionally), and to pour the whole 
contents of the flask into a separating funnel. After the 
layer of amyl alcohol has been separated from the aqueous 
solution, the ammoniacal liquid is again shaken with amyl 
alcohol. The combined amyl alcohol extracts, completely 
freed from water by allowing the liquid to subside and 
filtering it, are evaporated, and the residue, it any, tested 
according to §cc. 213 for morphine. If this residue was 
not sufficiently pure, it is purified by re-dissolving it in 

^ In the event of strychnine still not being obtained absolutely pure by this 
method, Fr. Janssens (^eftscA. anal, f 7iem.,4,48 (18U6))icc(>inmendsre-dissolving 
it in dilute tartaric acid solution, and, while shaking it, adding sullicicnt Jincly 
powdered sodium hydrogen carbonate to ensure that the acidity of the liquid is 
only duo to free carbonic acid. Should a precipitate separate, it is at once filtered 
off through a rapid filter. The strychnine remains dissolved, owing to the action 
of the free carbon dioxide, and only separates when the filtrate is boiled and 
partly evaporated. When this prccijiitato has been filtered off and washed it 
is dissolved in a small quantity of dilute sulphuric acid (1:200), potassium 
carbonate added in excess, the liquid shaken repeatedly with six times its volume 
of Cvher, and the extract evaporated. Chloroform is even better than ether 
for extracting the alkaline solution. # 

* The amyl alcohol should have a boiling point of 131°. tVlien evaporated 
on the water bath it should not leave anj^pprceiable residue, and when shaken 
with water containing sulphuric acid should not yield any substances which give 
precipitates with reagent»fpr the precipitationaif alkaloids. 








